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ABSTRACT.
The Murrumbidgee bathylith on the Southern Tablelands of 
New South Wales has intrusive relations to Lower Palaeozoic 
sediments and was probably emplaced in association with the 
Downing Orogeny (Late Silurian) which affected large areas of 
the Tasman Geosyncline. The bathylith is a composite intrusive 
made up of at least nine distinct bodies which range from
tonalite to granite. The most common rock type is granodiorite
ii.
which represents about 85per cent of the 550 souare miles of 
exposed bathylith rock.
The bathylith has been mapped in the scale of 2 miles to 
the inch and laboratory studies have shown that its components can 
be placed into three groups, namely, uncontaminated"granites", 
contaminated "granites", and potassic leucogranites. The 
contaminated "granites" and potassic leucogranites are believed 
to have been derived from a parent magma akin to the uncontaminated 
"granites" in composition by the assimilation of country rock, 
mainly sedimentary, and by differentiation of this contaminated 
magma, assimilation and differentiation occurring at depth.
I. INTRODUCTION.
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I. INTRODUCTION.
(a) Introductory remarks.
The Murrumbidgee bathylith is situated on the Southern 
Highlands of New South Wales5 it has a meridinoidal trend 
with a length of the order of 60 miles, a width of about 
15 miles and an areal exposure of about 550 square miles.
It extends from the town of Cooma, some 268 miles by rail 
from Sydney, northwards into the Australian Capital 
Territory to within 9 miles of Canberra. The main mass of 
the\bathylith is bordered to the east and south by the 
Murrumbidgee River from whence it derives its name. On a 
large scale it is structurally concordant and is without a 
visible or inferable floor of older rocks.
The investigation has included the preparation of a 
geological map of the bathylith and a study of the structure, 
petrology, chemistry and genesis of its d.if^ eren  ^ components 
and their relation to the Palaeozoic igneous activity of the 
Tasman geosyncline.
(b) Physical features.
(i) Topography and drainage. - The relief of the region 
over which the bathylith outcrops varies from about 1000 feet 
at the northern end to nearly 3000 feet towards its southern 
boundary. The highest point is Mt. Kelly with an altitude of 
6001 feet. The margins of the\bathylith approximate in the 
east, south and west to the local divides so that the main
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drainage is to the north. The two main drainage systems are 
the Paddys River basin at the northern end;and the Gudgenby - 
Naas basin in the southern part of the bathylith. The 
landscape in both of these basins has reached a stage of 
maturity and even in the southern basin where relief is high, 
the ranges are separated for the most part by mature valleys. 
The Upper Naas and Upper Gudgenby valleys have a local base 
level nearly 1000 feet higher than that of the Lower Gudgenby 
valley into which they flow through very youthful gorges.
The gorges have cut through a prominent scarp which corresponds 
approximately with a line joining Tidbinbilla trig, to Naas 
Homestead. It appears that the rivers of the southerly 
basin originally flowed south and that recent tilting has 
resulted in a reversal of the direction of flow (Plates 1, 2 
and 3). Thistilt also appears to have been associated with 
a change in the base level of the Murrumbidgee River which is 
now, in many places, deeply entrenched in the floor of its 
former valley (Plate 4); gorges are also developed in the 
tributary valleys at their junction with the main stream.
(ii) Climate and vegetation. - There is a close relation 
between climate, vegetation and topography which is discussed 
in detail in the 1954 A.N.Z.A.A.S. handbook. Except for the 
main valleys and the higher ranges, the area has a 90 Per cent
coverage of timber
3(c) Access and conditions of fieldwork.
The roads in the district are very poor hut are passable 
most of the year to four-wheel-drive vehicles. The tributary 
valleys to the main rivers and creeks can be penetrated to some 
extent on foot but it is not advisable to stray too far from 
established tracks unless in the company ofothers. Because
of the difficulties of the terraine, few of the boundaries 
shown on the geological map can be examined in detail but they 
can be delineated with surprising accuracy with the aid of 
cereal photographs, due to slight changes in vegetation on the 
different rock types. At the start of the investigation the 
most suitable and accurate map was that prepared by the 
National Mapping Office covering the Australian Capital 
Territory and its environs with a scale of 2 miles to the inch. 
Contoured military maps covering two thirds of the area mapped 
with a scale of 1 inch to the mile and 2 inches to the mile 
became available at a later date but over most of the bathylith 
field observations are insufficient to justify the preparation 
of maps at these scales.
Approximately six months were spent in the field and as 
the country is sparsely inhabited, much of the time was spent 
under canvas.
(d) Work of previous observers.
Clarke (l8$.0) appears to have been the first to record 
the occurrence of granites along the west bank of the
4.
Murrumbidgee River between Tharwa and Cooma. Mahony and 
Taylor (1913) in their reconnaissance of the Federal Territory 
(now the Australian Capital Territory) briefly described the 
granite in the vicinity of Tharwa and noted that the rock had 
been intensely crushed. Browne (1914) made brief reference 
to the rocks at the southern end of the easterly limb of the 
bathylith and distinguished three rock types which he termed 
blue, white and pink gneiss. He suggested that the leucocratic 
gneisses were late differentiates of the blue gneiss and were 
squeezed out by an easterly directed pressure to form a dyke­
like body along the eastern margin of the blue gneiss. Later, 
Browne traced the blue gneiss north along the west bank of the 
Murrumbidgee for a distance of 60 miles (Browne, 1931 and 1942). 
Joplin (1943) published petrographic notes and chemical 
analyses of the blue and whit*e gneisses and noted the occurrence 
of inclusions of amphibolite in the blue gneiss. She 
considered that the pink gneiss of Browne was hydrothermally 
altered white gneiss. It was found during the present 
investigation that Browne used the name blue gneiss for at 
least three distinct petrographic rock types and although it is 
an admirable field name for these rocks it is suggested that 
the use of the name be discontinued. With the exception of 
the extreme southerly portions of the bathylith its full extent 
is shown on the Canberra 4 mile geological map published by the 
Commonwealth Bureau of Mineral Resources (1953)« Some of the
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boundaries on this map were found to be inaccurate and the 
corrected boundaries together with the boundaries of the various 
components of the bathylith are shown on the accompanying 2 mile 
geological map.
II. REGIONAL GEOLOGY.
The rocks adjacent to the Murrumbidgee bathylith consist 
of Ordovician sediments, of Silurian sediments, volcanics and 
intrusives, and of Devonian volcanics. The grade of regional 
metamorphism is everywhere low and the bathylith presents an 
excellent example of granitic rocks out of harmony with the 
regional metamorphic level (Walton, 1955)»
(a) The Geological Sequence.
The geological sequence has been studied in detail only
in the Canberra district (Opik, 1955 and 1957)« It commences
with a pre Middle Ordovician sandstone (1500 feet thick) and is
succeeded by 900 feet of Middle and Upper Ordovician sediments,
mainly sandstones, sandy shales and black graptolitic argillaceous
shales. The sediments mapped as Ordovician to the south of the-
bathylith in the Cooma area (Browne, 1914) and in the Gudgenby 
£and Cotter-Yaouk' septa are, with the exception of the Tidbinbilla 
(jjuartzite, lithologically similar to the Middle and Upper 
Ordovician of the Canberra district and Upper Ordovician grapto- 
lites are known from several localities. Ordovician
** The Cotter-Yaouk Septum comprises the belt of sedimentary 
rocks along the western margin of the bathylith.
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sedimentation was brought to a close by the Benambran Orogeny; 
whilst the date of this Orogeny in the type area of Victoria is 
uncertain, with folded and metamorphosed Upper Ordovician 
overlain unconformably by Devonian volcanics, it can be dated 
precisely in the Canberra district where it covered the lower 
and middle parts of the Llandovery. The Orogeny resulted in 
the folding of the Ordovician sediments and their intrusion 
(as at Cooma) by a distinctive group of contaminated two mica 
granites which gave rise to wide aureoles of contact metamorphism 
the Benambran type granites, described as Ordovician granites by 
Browne (1914) and Joplin (1942).
The Silurian deposits in the Canberra district are about 
5000 feet thick and comprise sandstones, shales, limestones, 
acidic tuffs and volcanics, and a major intrusive porphyry (the 
Mt. Painter porphyry). The Silurian sediments of the 
Murrumbidgee valley are similar to the Silurian of the Canberra 
district but no estimate of their thickness is available; acid 
tuffs and intrusive porphyrys are well represented. A thick 
sequence of acidic tuffs and volcanics have been described by 
Malcolm (1954) to the north of the bathylith (the Paddys River 
and Urriara volcanics). They may be Silurian in age; their 
true thickness is unknown. The Tidbinbilla Quartzite at the 
northern end of the Cotter-Yaouk septum is thought to rest 
unconformably on the folded Upper Ordovician and may be Lower
Silurian in age. Silurian sedimentation was brought to a
7close by the Bowning Orogeny which in the Canberra district 
occurred during Ludlow times. Here an early phase of folding 
(the Yarralumla phase) was followed by the intrusion of the 
Mt. Painter porphyry and this in turn by regional faulting 
(the Painter phase). During the Devonian Period the region 
appears to have been a shedding area and portions of it have 
probably remained above sea level since Silurian times. The 
only Devonian rocks known in the Canberra district are sub-aereal, 
acid volcanics. Post-Devonian deposits are restricted to possible 
Permian glacial gravels in the Canberra district, Tertiary 
basalts, and Pleistocene lake deposits.
(b) Pre-bathylith igneous rocks.
At its southern end the Murrumbidgee bathylith intrudes a 
granitic body, the Cooma gneiss, and its associated metamorphic 
aureole (fig.l.). The Cooma gneiss is believed to have been 
emplaced during or immediately after the Benambran Orogeny.
The rocks in the aureole are mainly Upper Ordovician sediments 
lithologically similar to those of the Canberra district but 
Joplin (1942) has also recorded the presence of small bodies 
of basic and ultrabasic rock metamorphosed by the Cooma gneiss, 
occurring as sills within the sedimentary sequence.
The most common type of basic rock is an aluminous epid- 
iorite similar in composition to the Porphyritic Central Magma 
type of the Scottish Tertiary volcanic province. All the known
' w *
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Pig. 1. Geological sketch map of the 
Cooma region showing the intrusion of the 
Cooma gneiss and its metamorphic aureole 
by the Murrumbidgee bathylith (Silurian 
gneiss). Prom Joplin, 1943*
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occurrences of this rock in the Cooma area are found in the high 
grade metamorphic zones and belong to the amphibolite facies; 
they are composed of labradorite, hornblende and sometimes 
diopside. The epidiorites are sometimes riddled with irregular 
thin strings composed of epidote. An analysis of an aluminous 
epidiorite was made during the present investigation and is 
given in Table 1, together with two earlier analyses of Joplin 
(1942). The new analysis has a higher content of potash than 
the others but since the specimen was collected from the margin 
of the Murrumbidgee bathylith it is possible that the potash was 
introduced metasomatically (see also Joplin, 19435 p.175)»
A partial analysis of the hornblende from this epidiorite is 
given in Table I.
The Cooma gneiss is a highly contaminated two mica granite 
crowded with xenoliths, mainly of sedimentary origin, in 
different stages of assimilation. The basic nature of the 
plagioclase feldspars (An.35) of the granite is of particular 
interest as this is also a feature of many ofthe components of 
the Murrumbidgee bathylith. The composition of the assimilated 
Ordovician sediments is such that a high proportion of them 
would readily dissolve in the assimilating granite and Joplin 
(1942) concludes that the original granite intruded at Cooma has 
been considerably modified as the result of these processes.
The main body of the xenolith charged granite has an area of 2
TABLE I. Composition of the aluminous epidiorites and their
constituent hornblende from the Cooma metamorphie
complex.
1. 2. 3. 4.
Si02 45.53 42.66 49.50 45.39
Ti02 1.59 1.66 0.75 1.78
ai2o^ 17.82 20.48 16.47 8.66
^e2^ 3 4.76 1.15 0.72 5.32
PeO 8.17 10.16 9.10 11.69
MnO 0.15 0.15 0.16 0.27
MgO 5.44 5.64 7.47 11.30
CaO 10.95 16.70 14.79 11.53
Wa^ 0.63 0.57 0.47 nd
1.83 0.21 0.32 nd
H20 X10OC 2.24 0.41 0.57 nd
H20 -110°C 0.21 0.16 0.03 nd
P205 0.25 nd 0.05 nd
co2 0.02 nd nd nd
100.11 99.95 100.35
Sp. G. 3.020 3.009 3.048
1. Homblende-labradori te amphibolite from the injection zone of 
the Cooma granite; eastern margin of the Kurrumbidgee bathylith,
miles south of Bredbo. Anal., Rodowski & Unwin.
2. Hornblende-pyroxene granulite, Cooma metamorphie complex. 
(Joplin, 1942).
3. Hornblende granulite, Cooma metamorphie complex (Joplin, 1942).
4. Partial analysis of hornblende from the hornblende-labradorite 
amphibolite (analysis Ho.l). Anal. N.J.Snelling.
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to 3 square miles and grades imperceptibly into an injection zone 
of migmatites in places nearly three miles in width; in the 
outer parts of this zone igneous and sedimentary components 
remain discrete though finely interbanded but as the main body 
of the granite is approached the sweating out ofthe less 
refractory constituents of the sediments renders discrimination 
of the igneous and sedimentary components far more difficult.
The migmatite zone grades out into a wide metamorphic aureole 
with orthoclase-andalusite-cordierite gneiss (mottled gneiss) 
followed outwards by andalusite-cordierite schists, biotite 
schists, and thence into regionally developed chlorite schists. 
The contact metamorphism due to the granite does not cause the 
development of hornfelses; recrystallisation appears to have been 
mimetic with the biotite flakes crystallising in pre-existing 
S planes of stratigraphic and deformational origin.
The Silurian Period was one of intense volcanic activity 
with the outpouring of acidic lavas, the formation of tuffs, and 
the intrusion of quartz porphyrys and porphyrites, phenomena 
which are well developed in the Canberra district and south along 
the Murrumbidgee Valley. No systematic study of the petrology
of these rocks has yet been made*
(c) Structural Geology.
The Lower Palaeozoic rocks adjacent to the bathylith were 
strongly deformed and fractured during the Benambran and Bowning
Orogenies. Following the Benambran Orogeny there was a marked
10
change in sedimentary facies from unstable to stable shelf 
conditions whilst the Bowning Orogeny saw the rise and 
stabilization of the Canberra Welt (Doakes, 1955)? a relatively 
narrow, sub-meridional zone bordered on either side by Devonian 
troughs (fig.2.). Later Orogenic epochs (the Tabberaberan at 
the close of the Middle Devonian and the Kanimblan at the close 
of the Lower Carboniferous) appear to have had little effect on 
the structures of the Canberra Welt.
The regional grain of the country adjacent to the bathylith 
is meridional. Ordovician rocks are generally more tightly 
folded than the Silurian and consequently show a greater 
constancy of dip and strike. The structures in the Ordovician 
meta-sediments of the metamorphic aureole around the Cooma gneiss 
(Joplin, 1942 and 1943) were measured by the writer and the 
results are shown in figs. 3 and 4« Folding is isoclinal with 
the axial planes of the folds dipping steeply east (about 70°) 
and striking about 10° W. of N. The axes of the minor folds 
and linear structures plunge gently east of south over the 
greater part of the area but in the northern part of the area 
studied by Joplin, at the southern end of the Gudgenby septum, 
the fold axes and lineations plunge north. The most common 
joints strike about E-W and have steep dips; they are probably 
tensional joints within the ac. plane of the rock fabric. Apart 
from Opik's detailed study of the Canberra district (1957)? no 
other systemmatic structural investigations of the rocks
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Fig. 2. The approximate boundaries 
of the Canberra Welt. From Noakes,
1955-
—Fig. 3* Contoured equal area projection 
of 60 poles to bedding planes in the metasediments 
(Binjura Beds) adjacent to the Cooma gneiss. 
Contours at 1 5 10$fc, 5$>, and per 1$> area.
Small open circles indicate the plunge of minor 
folds and lineations.
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adjacent to the bathylith have been made.
Faults are common throughout the area and may be either 
longitudinal or diagonal. The longitudinal faults strike 
parallel to the regional grain and dip steeply to the east and 
west. It is not known with certainty whether they are normal, 
reverse or transcurrent faults. Noakes suggests (personal 
communication) that many ofthese fractures are high angle 
reverse faults. The diagonal faults include both normal and 
transcurrent faults; they strike approximately NE-SW and NW-SE 
and dip very steeply.
The bathylith lies between two complex fault zones, the 
Murrumbidgee and Cotter Faults. Neither of these two great 
fractures have been investigated in detail and both extend 
further south than has been indicated on the two mile geological 
map. North of Tharwa the Murrumbidgee fault forms the western 
boundary of the Canberra Rift (Opik, 1955)? the fractures of 
which have been dormant since the close of the Silurian.
III. GENERAL CHARACTERS OF THE BATHYLITH.
(a) Size and complexity.
The bathylith consists of nine major components each 
representing a separate injection, but a little over 80$ of its 
areal exposure is made up of two great intrusive bodies, the 
Shannons Flat granodiorite, with an area of 260 square miles, 
and the Clear Range granodiorite, which grades into a tonalitic
facies at its southern end (the Murrumbucka tonalite), with a
12
total area of 190 square miles.
Several adjacent bodies of granitic rocks, namely, the 
Bendora (Sgd) and Gingera (Sgg) granites to the west, and the 
Urialla (Sgu) granite and finderra (Sgt) leucogranite to the 
east, are so similar to major components of the bathylith that 
they are probably comagmatic.
(b) Contacts and borders.
A contact has been seen by the writer in only one locality,
although the external and internal boundaries of the bathylith can
be placed with high accuracy by traverses and the use of air
photographs. This contact is between the Clear Range granodiorite
and the metasediments of the Gudgenby septum and is exposed in
the road cutting at Glendale Crossing (see plates 5> 6 and 7)»
The contact is both megascopically and microscopically sharp and
appears to be intrusive. The foliation in the sediments (bedding
plane foliation), the flow foliation in the granodiorite, and the
plane of contact are all concordant and strike 15° west of north
and dip 80° west. Opik (personal communication) has reported
similar sharp, concordant and intrusive contacts between the
Tharwa adamellite and Ordovician type sediments near Tharwa
village but his records and photographs were destroyed by fire
and the contact is no longer visible. In numerous localities
different
contacts between igneous rocks and sediments, and between/igneous 
components of the bathylith can be placed to within a few feet 
and the overall impression is that most contacts are sharp,
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steeply dipping, concordant, and intrusive. Intrusive relations 
between different components of the bathylith are rare and it is 
very difficult to determine the order of intrusion of the various 
components. Chilled contacts occur along the eastern margin of 
the Tharwa adamellite, though the sediments qgainst which this 
rock was chilled ha'*"'ve been faulted out, along its western margin 
against the Shannons Flat granodiorite| at the margin of the 
Shannons Flat granodiorite in a new road cutting between Glendale 
Crossing and Gudgenby homestead, and at the margin of the Bolairo 
granodiorite about Z miles north of Bolairo homestead. The 
visible contact of the Clear Range granodiorite referred to above 
shows no evidence of chilling in the hand specimen but the rock 
has proved to be too rotten for a thin section to be made.
The granite and, when present, their inclusions maintain 
their character right up to the contacts with the country rocks. 
There is nothing to suggest that the granitic components of the 
bathylith have incorporated or reacted with the adjacent country 
rocks I in Read's terminology the Murrumbidgee bathylith was 
dead when intruded to its present level.
(c) Metamorphism.
The metamorphic effects of the bathylith are very slight. 
The granites were intruded into Upper Ordovician deposits, mainly 
psammopelites and pelites which had undergone slight regional 
metamorphism during the Benambran Orogeny and at the time of 
intrusion were composed of fine grained quartz, sericite,
14
chlorite and iron ore. The contact effects of the bathylith 
are restricted to the development of fine grained hiotite schists 
within about 300 yards of the contact, slight recrystallisation 
of the muscovite also occurring. There is no development of 
hornfels texture or of any higher grade metamorphic minerals such 
as andalusite or cordierite. No calcareous rocks have been 
collected so the contacts effects on a lime bearing rock cannot 
be ascertained. Thermetamorphism at the extreme southern end of
the Clear Range granodiorite has been described by Joplin (1943). 
Here the tonalitic facies of this granodiorite intrudes the 
metamorphic aureole of the Cooma gneiss. Joplin concluded that 
thermal effects are negligible but that volatiles have caused 
retrogressive metamorphism in the high grade metasediments 
adjacent to the Cooma granite. Thus biotite, orthoclase, 
cordierite and andalusite have been altered to chlorite and 
muscovite and the region has been riddled with quartz-tourmalline 
veins.
(d) Structures of the bathylith.
All the components of the bathylith arelwell jointed and, 
with the exception of the Shannons Plat granodiorite and the 
Westerly muscovite granite, possessors of well developed foliations. 
The foliation is of the platey flow type due to parallel 
orientation of biotite flakes or tabular feldspar phenocrysts.
The foliations strike about N.10°W. and have steep to vertical 
dips. Discoid xenoliths occur in many of the components of
15
the bathylith and have their longest axes parallel to the planes 
of foliation of the host rock, indicating that the foliation is 
primary. Along the eastern margin of the bathylith shearing, 
associated with movement along the Murrumbidgee fault has 
intensified the primary foliation. A weak foliation has been 
seen in three localities in the Shannons Flat granodiorite and is
due to the parallel orientation of flakes of biotite and microcline 
foliation. In Gibralter Creek the foliation has a very shallow 
dip but in the other two localities (in the Orroral Valley and 
near Gudgenby homestead) it strikes about K.S. andhas a vertical dip.
Two groups of joints are apparent with steep to vertical dip
I
and horizontal dip respectively. The steeply dipping joints have 
diagonal or cardinal strikes. The diagonal joints make angles of 
less than 45° with the EF. W* direction and in some instances 
evidence of shearing can be seen, the direction of movement 
indicating an east-west compression (plate 8). The east-west 
striking joints could thus be tensional joints resulting from 
extension in north-south directions whilst the north-south striking 
joints could be release joints resulting from elastic expansion 
following the release of east-west compression. The horizontal 
joints are probably "sheeting" due to expansion following the 
release of load during erosion. Broadly speaking, the diagonal 
striking joints are more common in the western part of the 
bathylith and the cardinal striking joints in its eastern part; 
horizontal joints are common throughout the whole area of outcrop.
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A contour diagram of the poles of the joints, other than 
horizontal joints, is given in fig. 5* It is notable that 
joints in the granites have either a very steep or near 
horizontal dip; fractures with intermediate dips are very rare.
In the absence of linear flow structures the joints cannot 
be related to the direction of magma flow during intrusion. 
However, their consistency overjthe whole of the bathylith 
suggests that they are related-to the regional deformation (as 
indicated above) rather than to stresses resulting from 
magmatic flow.
The drainage pattern over the bathylith is closely controlled 
by the directions of jointing and foliation. Thus, the main 
course of the Naas Biver is meridinoidal, following the strong 
foliation in the Clear Range granodiorite, but the tributary 
streams to the Naas River, and Spring Vale and Reedy Creeks 
follow the NE-SW striking joints. In the western part of the 
bathylith the courses of the main rivers and creeks are controlled 
almost exclusively by the diagonal jointing of the Shannons Flat 
granodiorite and Yaouk leucogranite.
(e) Age of the bathylith.
The sediments of the Gudgenby and Cotter-Yaouk septa, and 
of the Cooma metamorphic|complex into which various components of 
the Murrumbidgee bathylith are intrusive are probably of Middle 
and Upper Ordovician age; at its northern end the bathylith is 
believed to show intrusive relations to the Tidbinbilla Quartzite
NFig. 5. Contoured equal area projection 
of 300 poles to joints in the components of the 
Murrumbidgee bathylith (Horizontal "sheeting 
joints" are not plotted). Contours at 5^» 3$» 
and 1 üjo per 1 üjo area.
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and the Paddys River volcanics (part of the Uriarra volcanic 
sequence), both of which formations are believed to be Silurian in 
age though palaeontological evidence is lacking. The components 
of the bathylith post date the folding of the Ordovician sediments 
and their intrusion by the Cooma granite, phenomena which were 
probably associated with the Benambran Orogeny which, in the 
Canberra district, is of Lower Silurian age. The granitic rocks 
of the eastern margin of the\bathylith have been involved, together 
with fossiliferous Ordovician and Silurian sediments, in faulting 
along the course of the River Murrumbidgee; this fault seems to 
belong to the same structural set as the faults of the Canberra 
district (the Painter phase of the Bowning Orogeny) where it can 
be shown that no movement hasföccurred since the close of the 
Silurian period. The accumulative geological evidence indicates 
that the Murrumbidgee bathylith was intruded in association with the 
Bowning Orogeny (late Silurian), possibly at the same time as the 
intrusion of the Mt. Painter porphyry in the Canberra district, 
i.e., after the major folding in the area but before the regional 
faulting. Browne (1929) came to the same conclusion regarding the 
age of the Murrumbidgee bathylith on account of its petrographic 
similarities with granitic rocks, described by Hawitt (I887) from 
the North Gippsland region of Victoria, which are intrusive into 
Ordovician schists and Silurian slates and overlain by rocks of
Lower Devonian age
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IV. PETROGRAPHY OF THE COMPONENTS OF THE BATHYLITH-*
Brief mention has already been made of the complexity of the 
bathylith; from the petrographic and genetic points of view the 
different components can be divided among three groups as follows:
1) . The uncontaminated granites*. This group includes the 
Shallons Flat granodiorite and the Tharwa adamellite. They are 
normally coarse grained, massive or weakly foliated rocks though 
they may possess a strong secondary foliation due to deformation 
after completion of crystallisation. Xenoliths occur in these 
rocks but are very sparsely distributed.
2) . The contaminated granites*. This group includes the Clear 
Range, Callemondah, Willoona, and Bolairo granodiorites and the 
Murrumbücka tonalite. The Stewartfields adamellite is also 
included here and a cursory examination of the granites of the 
Cotter-Goodradigbee divide indicates that many of these rocks 
could be included in this group. The contaminated granites are 
medium grained rocks, rich in xenoliths^ with a good primary 
flow foliation. They are richer in biotite and consequently 
darker in colour than the uncontaminated granites.
3) . The potassic leucogranites. Components of the bathylith 
included in this group show a wide variation in texture. They 
include coarse grained granites, porphyritic and aphyritic micro­
granites, and aplites. All are granites within the strict
* Granite is here used in the broad sense, signifying a quartz- 
feldspar rock.
definition. They are rich in potash feldspar and have a high 
proportion of potash to soda; muscovite is commonly present.
The only dark mineral is biotite which comprises less than 3$• 
by volume of the rocks.
(a) The petrography of the uncontaminated granites.
(i) The Shannons Plat granodiorite. - The Shannons Plat grano- 
diorite is an elongated intrusion extending from the junction of 
the Cotter River and Paddys River in the Australian Capital 
Territory south for a distance of 44 miles to the River 
Murrumbidgee in New South Wales. It has a maximum width to the 
west of Tharwa of about 10 miles. It is the largest component 
of the bathylith writh an area of about 260 square miles.
Specimens of this rock were first collected and examined by 
Joplin from the small settlement of Shannons Flat after which 
the rock has been named.
In the field this granodiorite is characterised by pronounced 
but well spaced jointing, fractures occurring along horizontal and 
vertical planes, striking, in the latter case, NE-SW and NW-SE, 
and causing the rock to break up into massive tors (see plates 
2 and 9)» The rock is very resistant to weathering, boulders 
consisting of fresh smooth cores with a covering of rotten granite 
never more than a few inches thick. Most of the granodiorite 
appears to be massive but foliation has been seen in roadside 
exposures near Gudgenby, in the Orroral Valley, and in Gibralter 
Creek. In all cases the foliation reflects the preferred
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Orientation of biotite flakes and feldspar phenocrysts, and 
appears to be primary.
In hand specimen the granodiorite is a coarse grained rock 
composed of white feldspar, very pale blue quartz, and bronze 
coloured biotite (plate 10); the surface weathers to a dark grey. 
Feldspar phenocrysts are conspicuous in both fresh and weathered 
specimens (see plate ll). In thin section the rock is composed 
of quartz, plagioclase, microcline and biotite, with accessory 
apatite, muscovite, epidote, chlorite and iron ore. The texture 
is porphyritic glomerogranular (Hawkes, 1929); plagioclase, biotite 
and interstitial microcline forming clusters (fig. 6) leaving pools 
composed of two or three quartz grains. Individual clusters and 
pools commonly measure two or more centimeters across. Tabular 
phenocrysts of microcline appear to show a random distribution 
throughout the rock. Plagioclase occurs as short thick subhedral 
prisms about 4 mm. in length, the composition being about An.^Q. 
Zoning is very weak with a maximum range from An..,, to An.-_; 
however, at the margin of most of the crystals the composition 
changes rapidly from about An.^Q to An.^. Sometimes oscilatory 
zoning is seen (plate 12). Twinning, invariably on albite and 
pericline laws, is the rule, the tv/in lamella© passing through the 
zoned margin to the edge of the crystal. Most plagioclase crystals 
show slight saussuritization. The potash feldspar is a weakly 
microperthitic microcline with an irregular development of cross 
hatch twinning. It occurs as tabular subhedral phenocrysts up to
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3 cm. in length and as interstitial grains commonly wrapping
around plagioclase giving a monzonitic texture. The phenocrysts
enclose a few crystals of all the other constituents and their
boundaries are irregular, suggesting that they continued to grow
while the remainder of the rock was crystallising (figs. 7 and 8).
Plagioclase crystals are slightly corroded at their boundaries
against microcline but there is no suggestion that potash
feldspar has replaced any of the other constituents. Quartz
normally occurs as clusters of anhedral crystal with individual
crystals measuring up to a centimeter across. In some sections
it is seen to be euhedral against potash feldspar. Strain
effects in the form of undulöse extinction and zones of granulation
are very common. Biotite occurs as subhedral flaky crystals about
5 mm. across and 2 to 3 mm. thick; its composition is given in
Table 16« It frequently shows alteration to a fine grained
often
mixture of muscovite and iron ore (Plate 13), this alteration/being 
marginal, suggesting reaction between the biotite and magma.
Epidote occurs as inclusions in the biotite, commonly along the 
cleavage planes (plate 14); it appears to be of secondary rather 
than primary origin. Alteration of the biotite to chlorite is 
rare oveijmost of the granodioxite but locally at the northern end 
chloritization has gone to completion. Rare flakes of muscovite 
occur intergrown with the biotite and appear to be of primary 
crystallisation. Apatite and occasionally tourmaline occur as
**
*
*
Fig. 6« Glommerogranular texture showing 
"clot" of plagioclase with some hiotite and 
interstitial microcline; Shannons Flat grano- 
diorite from near Gudgenby Homestead. Diameter 
of field = 4 mm.
¥*
*
Fig. 7* Corroded bypyramids of quartz 
and plagioclase included in a microcline pheno- 
crystj Shannons Flat granodiorite from near 
Riverlea Homestead. Diameter of field = 4 mm.
Fig. 8. Microcline phenocryst wrapping 
round and including quartz, biotite and 
plagioclase; Shannons Flat granodiorite from 
near Hiverlea Homestead. Diameter of field 
= 4 mm.
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accessory minerals. Iron ores are cbsent apart from their 
occurrence as alteration products of biotite. The average of ten 
determinations of specific gravity is 2.657 with an average 
deviation of -  0.016.
The modal composition of the Shannons Plat granodiorite was 
determined using a Swift point counter. The average of nineteen 
such determinations is given in Table 2.
Two specimens of the Shannons Plat granodiorite have been 
analysed (Table 3). These were taken from near the northern 
and southern ends of the mass respectively, the localities being 
about 30 miles apart. Except for the lower content of magnesia 
and the higher proportion of soda to potash of the specimen from 
Gibralter Creek, the two analyses are very similar. The 
composition of the Shannons Flat granodiorite bears little 
relation to any of the averages of granodiorites tabulated by 
Nockolds (1954), the high silica, low alumina and lime, and excess 
of potash over soda in terms of weight per cent,being particularly 
distinctive features of this rock. The presence of wollastonite 
in the molecular norm (Niggli, 1954) is n°t reflected in the 
essential minerals of the rock but may be due to the occurrence 
of epidote replacing biotite. The presence of traces of primary 
muscovite shows that the magma from which the granodiorite 
crystallised was slightly oversaturated with respect to alumina.
The biotite variants of the molecular norm may be calculated
from the following relationship (Niggli, 1954):
10.Or. + 12. Hy. = 16. Bi. + 6. Q.
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Normative hiotite is lower than modal hiotite hut this is to he 
expected because the hiotite variant is calculated using the ideal 
hiotite formula; "modal" hiotite always contains some ferric iron, 
titania, lime and soda (see p. 64 ). The good agreement between 
the proportions of plagioclase and potash feldspar in the average 
mode and the hiotite variant of the molecular norm suggests that 
the modal microcline contains very little alhite in solid solution.
What is believed to he a chilled marginal phase of the 
Shannons Flat granodiorite occurs in a new road cutting between 
Glendale Crossing and Gudgenhy Homestead. The contact is not 
exposud but granitic rock can he collected to within a few feet 
of metasediments of the Gudgenhy septum. In thin section the 
chilled rock is composed of phenocrysts of quartz, microcline and 
zoned plagioclase in a fine to medium grained goundmass of anhedral 
quartz and microcline. The average of two modes covering an area 
of 5-g- square centimeters is given in Table 2; agreement with the 
average of the modes of the Shannons Flat granodiorite is not 
very good. The low content of hiotite probably reflects an 
insufficiency of determinations as the hand specimens appear to 
contain as much hiotite as the normal granodiorite. The higher 
proportion of alkali feldspar may he due to the same cause hut 
could also result from relative rapid chilling of the marginal 
phase (see page 66).
(ii). The Tharwa adamellite. - The Tharwa adamellite
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occurs as a dyke like body extending along the north eastern 
margin of the bathylith; it is about 14 miles long and the width 
ranges from half a mile at its northern end to 2 miles at its 
southern. The outcrop covers an area of 18 square miles. The 
name is derived from the village of Tharwa where good exposures 
of the adamellite are seen in a small quarry.
Over most of its outcrop the adamellite is strongly foliated, 
this foliation striking a little west of north with an approximately 
vertical dip. The foliation increases in intensity as the 
Murrumbidgee fault is approached and this, together with the 
microscopic evidence of shearing, suggests that it was superimposed 
on the rock after solidification was complete. However, on the 
western side of the adamellite, where crushing is less intense, 
there is a suggestion of a weak primary flow foliation and the 
orientation of occasional xenoliths within this plane further 
supports this impression. On the scanty evidence available it 
appears that this primary foliation has approximately the same dip 
and strike as the secondary foliation. Well spaced but strong 
jointing occurs throughout the adamellite; the most common 
fractures strike approximately east-west and have a near vertical 
dip. The combination of east-west jointing and north-south 
foliation result in the rock breaking up into massive tors but the 
adamellite is less resistant to weathering than the Shannons Flat 
granodiorite, presumably because weathering agents are able to 
penetrate deep into the rock along the foliation planes.
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In hand specimen the weakly foliated samples of adamellite 
are indistinguishable from the slightly foliated Shannons F}at 
granodiorite5 with increase in the degree of foliation there is a 
decrease in grain size and immediately adjacent to the fault the 
adamellite has been mylonitized (plates 15 and 16). In thin 
section the adamellite is very similar to the Shannons Flat 
granodiorite, microcline is more common both as phenocrysts and 
as interstitial crystals, and the monzonitic texture is 
consequently more pronounced. Microperthitic exsolution lamellae 
are more common than in the granodiorite and the plagioclase 
feldspar shows a wider range of zoning (An.^Q to An.^) (Fig. 9)- 
Mahony and Taylor (1913) recorded the presence of hypersthene in 
the gneissose granite from Tharwa but the presence of this mineral 
has not been confirmed by subsequent investigations and it seems 
likely that they mistakenly identified epidote as pyroxene. In 
several localities along the margins of the main mass of adamellite 
and in narrow dykes within the Shannons Flat granodiorite, chilled 
phases occur. They consist of phenocrysts of plagioclase, biotite, 
microcline, and corroded bi-pyramids of quartz in a fine grained 
groundmass of anhedral microcline and micrographic quartz 
(Plaie 17)- In thin section the microcline phenocrysts are also 
seen to be riddled with micrographic quartz (fig.10).
Cataclasxic effects are particularly well developed in the 
adamellite and all gradations exist between only slightly deformed 
rock from the south western corner of the intrusion to intensely
TABLE 2. Modal analyses of the uncontaminated granites.
1. 2. 3.
Quartz 36.0 39-7 34.1
Microcline 21.0 31.6 29.7
Plagioclase 34.7 25.0 29.1
Biotite 8.2 3.7 7.1
1. Mean of nineteen modal analyses of the Shannons
Flat granodiorite.
2. Mean of two modal analyses of the chilled facies 
of the Shannons Flat granodiorite (see page 23)»
3» Mean of eight modal analyses of the Tharwa
adamellite.
TABLE 3* A n a ly ses  and m o le c u la r  norms o f  t h e  Shannons P l a t  g r a n o d i o r i t e  and Tharwa
1 . 2 . 3- 4 . 5 . 6 • 7- 8 . 9 .
73 .02 7 4 .2 3 7 3 .6 2 68 .97 7 2 .7 4 7 1 .5 6 7 2 .1 5 7 1 .0 3 7 4 .7 4
rn-i Oq 0 .3 8 0 .3 2 0 .3 5 0 .4 5 0 .4 3 0 .4 6 0 .4 4 0 .3 9 0 .2 9
12 .49 1 2 .6 0 1 2 .5 4 15-47 13 .16 13f 92 1 3 .5 4 1 4 .3 1 1 2 .5 2
’WeoO'l 0 .6 0 0 .5 0 0 .5 5 1 .1 2 0 .8 9 Oj.77 0 .8 3 0 .9 5 0 .4 0
1 .64 1 .3 4 1 .4 9 2 .O5 1 .8 3 2 .1 2 1 .97 1 .9 6 1 .0 0
UnO 0 .0 5 0 .0 6 0 .0 5 0 .0 6 0 .0 2 0 .0 2 0 .0 2 0 .0 6 0 .0 1
MffO 1 .2 1 0 .3 1 0 .7  6 1 .1 5 0 .8 0 0 .6 0 0 .7 0 0 .7 5 0 .3 5
CaO 2 .4 5 2 .8 0 2 .6 2 2 .9 9 2 .5 5 2 .6 1 2 .5 8 I .8 9 1 .76
Na2° 2 .7 5 2 .9 8 2 .8 6 3 .69 2 .56 2 .8 4 2 .7 0 3 .3 3 2 .8 0
K20 4 .4 0 3 .7 2 4 .0 6 3 .16 4 .1 4 4 .3 2 4 .2 3 4 .6 6 4 .5 6
H?0+L10°^ 0 .6 5 0 .7 5 0 .7 0 0 .7 0 0 .7 0 0 .7 9 0 .7 4 O.5 0 O.5 2
H2o-110°C 0 .0 5 0 .0 6 0 .0 5 - 0 .0 6 0 .0 4 0 .0 5 - 0 .0 4
P2O5 0 .1 2 0 .0 8 0 .1 0 0 .1 9 0 .1 5 0 .1 5 0 .1 5 0 .1 7 0 .0 7
CO 2 0 .0 7 0 .0 3 0 .0 5 - 0 .0 5 0 .0 5 0 .0 5 - n i l .
9 9 . 8Ö 9 9 .7 8 9 9 .8 0 1 0 0 .00 100 .08 1 0 0 .25 100 .15 1 0 0 .0 0 9 9 .0 6
Sp.Gr. 2 .6 8 4 2 .6 9 2
Molecular Norms.
Q- 31 .12 3 5 .0 5 3 3 .3 1 — 3 2 .9 1 3 0 .1 3 31 .19 — -
Or. 2 6 .7 0 2 2 .2 5 2 4 .5 5 - 2 5 .1 0 2 6 .2 0 2 5 .6 5 - -
Ab. 25 .55 2 7 .4 0 2 6 .2 5 - 2 3 .9 5 2 5 .6 5 2 5 .6 0 - -
An. 8 .8 2 10 .57 9 .7 4 — 1 2 .2 5 1 2 .2 0 1 2 .2 0 - —
c . — — — — 0 .0 2 0 .2 4 0 .0 2 - -
Wo. 1 .3 0 1 .1 8 1 .1 0 — — — — — -
En. 3 .4 0 O.9 2 2 .1 8 — 2 .2 8 1 .7 0 2 .0 6 — -
Ps. 1 .6 2 1 .4 2 1 .5 4 — 1 .6 0 1 .8 2 2 .0 6 - -
11. O.56 0 .4 6 1 .4 6 — O.58 0 .9 2 O.5 8 — -
Mt. 0 .67 0 .5 1 0 .6 1 - 1 .0 2 O.8 5 O.8 5 - -
Ap. 0 .2 6 0 .2 4 0 .2 6 - 0 .2 9 0 .2 9 0 .2 9 - —
B io t i t e  v a r i a n t s .
Q. 33 .63 3 6 .2 2 35-17 — 3 4 .8 8 31 .39 33 .26 — —
Or. 2 2 .5 2 2 0 .3 0 2 1 .4 5 - 2 1 .8 4 23 .77 2 2 .2 2 - —
Ab. 2 5 .5 5 2 7 .4 0 2 6 .2 5 — 2 3 .9 5 2 5 .6 5 2 5 .1 0 - -An. 8 .8 2 10 .57 9 -7 4 - 1 2 .2 5 1 2 .2 0 1 2 .2 0 - -
C • — — — 0 .0 2 0 .2 4 0 .0 2 — —
Wo. 1 .3 0 1 .1 8 1 .1 0 — -w* — — — —
Bi. 6 .6 9 3 .1 2 4 .9 6 - 5 .17 4 .6 9 5 .4 8 - -
11. O.56 0 .4 6 0 .4 6 - O.5 8 O.9 2 O.58 - -
Mt. 0 .6 7 0 .5 1 0 .6 1 — 1 .0 2 O.8 5 O.8 5 - -Ap • 0 .2 6 0 .2 4 0 .2 6 - 0 .2 9 0 .2 9 0 .2 9 -
a d a m e l l i t e
1 . Shannons P l a t  g r a n o d i o r i t e ;  Alum C reek ,
3 m i l e s  N.W- o f  Shannons P l a t ,  N.S.W. A n a l,
Hudowski and Unwin.
2 . Shannons P ^ a t  g r a n o d i o r i t e ;  G i b r a l t a r  C re e k ,  
T i d b i n b i l l a  ro a d  c r o s s i n g ,  A'.C.T. A n a l . ,  Hudowski 
and Unwin.
3 . A verage o f  1 and 2.
4 .  A verage b i o t i t e - g r a n o d i o r i t e , N o c k o ld s ,  1954, 
T a b le  2 ,  No. 6 .
5« Tharwa a d a m e l l i t e ;  Tharwa q u a r r y ,  A .C .T . 
A n a l . , Hudowski and Unwin.
6 .  Tharwa a d a m e l l i t e ;  w es t  s i d e  o f  C a s t l e  H i l l ,  
n e a r  Tharw a, A .C .T . A n a l , ,  Rudowski and Unwin.
7» A verage o f  5 and  6 .
8 .  A verage b i o t i t e  a d a m e l l i t e ,  N o c k o ld s ,  1954, 
T a b le  2 ,  No. 2.
9- A l t e r e d  Tharwa " a d a m e l l i t e " ;  Tharwa q u a r r y ,  
T harw a, A .C .T . A n a l . ,  Hudowski and Unwin.
S A U  A  Bf
j. '-fSfiARr
X^kfRSjT'C
*
*
Fig. 9* Relatively uncrushed Tharwa 
adamellite, quartz and microcline invariably 
show some graphic intergrowth. Specimen 
collected about 2 miles S.E. of Mt. Tennant; 
diameter of field = 4 mm.
Fig. 10. Chilled Tharwa adamellite 
occurring as small dyke in the Shannons Flat 
granodiorite about 2 miles N.W. of Castle 
Hill. Diameter of field = 4 mm.
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deformed rocks with a mylonitic aspect adjacent to the Murrumbidgee 
fault. In the strongly deformed specimens quartz and microcline 
havesuffered complete granulation, biotite has been corrugated and 
shows marginal attrition but plagioclase has resisted deformation 
though the edges of the crystals have been rounded as if they 
rotated during deformation; occasionally some slight bending of 
the cleavage traces and twin lamellae can be seen. In hand 
specimen the resistant plagioclase crystals stand out as augen in 
an intensely sheared groundmass.
The mean of eight modal determinations made on theibest 
available thin sections is given in Table 2. Thejspecific 
gravities of the two specimens analysed are somewhat higher than 
the average for the Shannons(i?lat granodiorite.
Two specimens of the Tharwa adamellite have been analysed 
and the results, together with the molecular norms and the biotite 
variants of the norms, are given in Table 3« The analyses are in 
reasonable agreement with the average composition of biotite 
adamellite tabulated by Nockolds though alumina and alkalies are 
slightly low and lime rather high. The analyses, and in particular 
the norms, are remarkably similar to those of the Shannons Flat 
granodiorite, and the similarity would be even more pronounced if 
all the lime of the granodiorite were able to form normative 
anorthite; it is clear that the different proportions of plagio­
clase to potassic feldspar in the adamellite and the granodiorite
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a r e  due t o  v a r i a t i o n  i n  t h e  d i s t r i b u t i o n  o f  a l b i t e  be tween  
p l a g i o c l a s e  and a l k a l i  f e l d s p a r  and n o t  t o  any f u n d a m e n ta l  
d i f f e r e n c e s  i n  c h e m ic a l  c o m p o s i t i o n  o f  t h e  magmas f rom w hich  t h e y  
c r y s t a l l i s e d .  The e x c e s s  a l u m i n a ,  w h ich  r e s u l t s  i n  t h e  p r e s e n c e  
o f  corundum i n  t h e  norm, i s  a b s o r b e d  i n  p a r t  by t r a c e s  o f  p r i m a r y  
m u s c o v i t e  and  i n  p a r t  by b i o t i t e  w h ich  c o n t a i n s  s l i g h t l y  more 
a l u m in a  t h a n  i s  r e q u i r e d  by t h e  i d e a l  f o r m u l a  ( s e e  p.&S ) .
N o rm a t iv e  b i o t i t e  i s  low er  t h a n  modal  b i o t i t e  f o r  r e a s o n s  a l r e a d y  
d i s c u s s e d .  I n  t h i n  s e c t i o n  e p i d o t e  a p p e a r s  t o  be r e p l a c i n g  
b i o t i t e  a s  i n  t h e  Shannons  F l a t  g r a n o d i o r i t e  b u t  s i n c e  t h e  
a d a m e l l i t e  c o n t a i n s  n o r m a t iv e  corundum i t  a p p e a r s  t h a t  a l t e r a t i o n  
has  n o t  p r o c e e d e d  a s  f a r  a s  i n  t h e  g r a n o d i o r i t e .
Two r o c k  t y p e s  o c c u r  i n  t h e  q u a r r y  a t  Tharwa,  one b e i n g  t h e  
no rm a l  f o l i a t e d  Tharwa a d a m e l l i t e  d e s c r i b e d  above ,  w h i l s t  t h e  
o t h e r  was p r e v i o u s l y  r e g a r d e d  as  a  s e p a r a t e  i n t r u s i o n .  I n  hand 
spec im en  t h i s  r o c k  i s  f i n e r  g r a i n e d  t h a n  t h e  normal a d a m e l l i t e  
and has  a s u g a r y  t e x t u r e  w i t h  p h e n o c r y s t s  o f  b i o t i t e  ( s e e  p l a t e  1 8 ) .  
I n  t h i n  s e c t i o n ,  however ,  i t  a p p e a r s  t o  be m e re ly  a c r u s h e d  v a r i e t y  
o f  t h e  no rm al  a d a m e l l i t e .  The q u a r t z  and much o f  t h e  p o t a s h  
f e l d s p a r  have  b e e n  c o m p l e t e l y  g r a n u l a t e d .  I n  t h e  q u a r r y  t h e  f i e l d  
r e l a t i o n  o f  t h e  two t y p e s  i s  n o t  c l e a r  b u t  f u r t h e r  s o u t h  i n  t h e  
banks  o f  t h e  Gudgenby E i v e r  (3-|- m i l e s  due s o u t h  o f  Tharwa) t h e  
c r u s h e d  r o c k  i s  s e e n  t o  o c c u r  as  i r r e g u l a r  p a t c h e s  i n  t h e  normal 
f o l i a t e d  a d a m e l l i t e  i n t o  w h ich  i t  g r a d e s  i m p e r c e p t i b l y .  An 
a n a l y s i s  o f  t h i s  c r u s h e d  r o c k  i s  g i v e n  i n  T a b le  4 ,  no .  9 * j and i s
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seen to differ in several respects from the normal adamellite. 
Because of the low summation the analysis was repeated and lime 
was determined three times; these repeat determinations brought 
about no improvement in the summation but qualitative tests 
revealed the presence of appreciable amounts of fluoride and 
sulphide and the non determination of these constituents is 
presumably the cause of the low summation. Thus, it may be that 
the fine grained patches are the result of local intense crushing 
followed by the passage of hydrothermal solutions which have 
leached out iron, magnesia and lime, and have deposited silica 
sulphides and fluorides.
(b) The petrography of the contaminated granites.
(i). The contaminated granodiorites. - Foliated granodiorites 
heavily charged with xenoliths occur as four separate intrusive 
masses within the Murrumbidgee bathylith. By far the largest of 
these is the Clear Range granodiorite with an area of outcrop of 
about 170 square miles; it extends from a point about 2 miles west 
of Tharwa to as far south as Mt. Clear and gives rise to the almost 
inaccessible ranges (the Clear Range) along the west side of the 
Murrumbidgee River. South from Mt. Clear the content of potash 
feldspar in the granodiorite is negligible and the rock becomes a 
tonalite. This tonalitic facies (the Murrumbucka tonalite) has 
an area of about 20 square miles and has been mapped in some detail 
by Browne (1914 and 1943) and briefly described by Joplin (1943)*
It is the original blue gneiss. There is a marked contrast between
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the nature of the xenoliths in the granodiorite and the tonalite. 
Other contaminated granodiorites include the Callemondah grano­
diorite, with an area of 8-g- square miles; the Willoona grano­
diorite, with an area of 4-J- square miles; and the Bolairo 
granodiorite, with an area of 3 square miles. All these 
intrusions are named after nearhy homesteads; petrographically and 
chemically they are identical with the Clear Range granodiorite.
In hand specimen the contaminated granodiorites are foliated 
to variable degrees and are composed of white feldspar, dark 
bronze coloured biotite, and distinctly blue quartz. They are 
medium grained rocks and because of abundant biotite and blue 
quartz are much darker than the uncontaminated rocks described 
above (plate 19)* The foliation in all the contaminated components 
strikes about 10° west of north and has a steep dip. Inclusions 
occur as disc shaped bodies measuring up to a foot in thickness 
and five feet across; they lie within the plane of foliation which 
is thus a primary flow structure (plates 20 and 21). The 
foliation is much more intense along the eastern margin of the 
Clear Range granodiorite and locally mylonites are developed at 
the border; the primary foliation has here been intensified 
presumably due to movement along the Murrumbidgee fault. The 
contaminated granodiorites are well jointed but because of the 
ease with which they weather along the foliation planes there is, 
on weathered outcrops, a characteristic development of disc shaped 
boulders flattened parallel to the plane of foliation. Joints
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are mainly vertical, the most common strike directions "being N-S, 
E-W, NE-SW, and NW-SE.
In thin section the contaminated granodiorites are composed 
of qu rtz, plagioclase, microcline and hiotite, with plagioclase 
greatly in excess of microcline. Accessory minerals include 
apatite, epidote, muscovite, iron ores and tourmaline (fig.11).
As with the members of the first group, the texture is glomero- 
granular with the feldspars occurring in clots. Phenocrysts do 
not occur in the contaminated rocks hut a characteristic feature 
is the hiatal fabric of the plagioclase feldspars (see fig.12) 
which occur as large thick prisms about 5 mm. in length and as 
small rather more equant crystals about 2 mm. in length. Both 
types of crystal are subhedral to enhedral in form. Apart from 
very narrow marginal zoning the plagioclase crystals are homogeneous 
and are basic andesine, An.^ ,_, in composition; at the margin the 
composition changes rapidly to An.^Q* Twinning is common, 
usually on the albite and pericline laws. A particularly 
interesting feature is the frequent occurrence of residual basic 
cores to the plagioclase crystals ranging in composition from 
An.^Q to An.^ ,-. These cores were originally euhedral crystals 
about 3 mm. in size (plate 22); the extent to which these early 
formed crystals have reacted with the magma varies but normally 
only remnants of their outer portions are preserved, the whole of 
their interiors having reacted completely with the magma. Similar 
calcic cores have been described by Larsen from the lavas of the
**
*
Fig# 11* Clear Hange granodiorite 
showing microcline wrapping round blocky 
crystals of plagioclase. Quartz has 
recrystallised following granulation. 
Specimen collected from vicinity of Flinders 
trig. Diameter of field = 4 mm.
*Fig. 12. Callemondah granodiorite showing 
hiatal size distribution of the plagioclase 
feldspar. From Boboyan Homestead. Diameter of 
field = 4 mm.
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San Juan Region (1938, p.231, fig.15) and from the Green Valley 
tonalite, a component of the bathylith of Southern California 
(1948, plate 3, figs. 3 and 4). The potash feldspar is microcline, 
usually free of perthitic exsolution lamellae, occurring as 
ahhedral grains moulding around plagioclase crystals, giving a 
monzonitic fabric. The margins of the plagioclase crystals are 
slightly corroded where they come into contact with microcline. 
Biotite is considerably more abundant than in the uncontamihated 
granites, forming flakes up to 5 mm. across and 2 mm. to 3 mm. 
thick; it is frequently euhedral in form, particularly in the 
smaller bodies of contaminated granodiorite. In the Clear Range 
granodiorite the effects of deformation are more pronounced and 
the edges of the biotite are more ragged whilst the cleavage 
planes are often corrugated. A narrow reaction zone of muscovite 
and iron ore is commonly present at the margin of the biotite 
crystal. Epidote is intimately associated with the biotite and 
shows a similar relationship to that seen in the uncontaminated 
granites. Flakes of muscovite occur intergrown with the biotite 
and appear to be of primary origin. Quartz occurs in pools composed 
of two or three anhedral crystals usually rounded in form; when 
in contact with microcline, quartz crystals are sometimes 
euhedral (fig.13)» Apart from epidote, muscovite and iron ores, 
the most common accessory mineral is apatite but tourmaline also 
occurs though it is not common.
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Cataclastic effects are particularly common in the Clear 
Range granodiorite especially in specimens collected from its 
eastern margin. Quartz and microcline may he completely 
granulated whilst hiotites are corrugated and ragged. Plagio- 
clase is resistent to deformation and fracture, though the edges 
of the crystals become rounded in the more strongly deformed 
rocks. The appearance in thin section of a strongly sheared 
rock is illustrated in fig. 14. Evidence of deformation is not 
so common in the smaller bodies of contaminated granodiorite.
Despite the strong deformation that has affected the Clear 
Range granodiorite in many localities, it is usually a very fresh 
rock, alteration being restricted to slight saussuritization of 
the platioclase and the development of epidote as an alteration 
product of biotite. Within the smaller bodies of contaminated 
granodiorite, however, alteration is much more severe; plagioclase 
may be intensely saussuritized, microcline completely sericitized, 
and biotite replaced by chlorite and epidote. The hydrothermal 
process which brought about these changes appears to have 
resulted in the introduction of traces of gold as the calcium 
oxalate precipitates obtained during the chemical analyses of 
these rocks were often coloured purple.
The mean of seven modal determinations of the Clear Range 
granodiorite together with the available modes of the Callemondah 
and Bolairo granodiorites are given in Table 4. Only a few 
sections of the U/i-Lloona granodiorite have been made and none were
* *
*
Eig. 13» Holocrystalline Bolairo grano- 
diorite showing pronounced euhedralism of quartz, 
plagioclase and biotite. About 1 mile N.Jtf.E. 
of Bolairo Homestead. Diameter of field = 4 min.
Pig. 14. Sheared Clear Range granodiorite 
from Spring Vale Creek on eastern margin of the 
bathylith. Diameter of field = 4 mm.
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of sufficient size to give satisfactory modes. The contaminated 
granodiorites are obviously richer in biotite and poorer in* 
microcline than the uncontaminated granites. The plagioclase 
content is about the same and a notable feature is the high 
content of quartz. The mean of seventeen specific gravity 
determinations is 2.727 with an average deviation of - 0.023«
The analyses of the contaminated granodiorites together with 
their molecular norms are given in Table 5» The analyses are 
virtually identjcal. Compared with the composition of the 
uncontaminated granites, titania, alumina, iron and magnesia are 
all higher whilst silica and the alkalies, in particular soda, 
are lower; lime is about the same. These differences are 
reflected in the biotite variants of the norms by the higher 
content of normative biotite, the lower content of normative 
orthoclase andthe more basic nature of the normative plagioclase. 
Appreciable amounts of normative corundum largely reflect the more 
aluminous nature of the biotites from the contaminated grano­
diorites (see Table 16). There is good agreement in the 
proportion of potash feldspar to plagioclase between the biotite 
variant of the norm and the modes of these granodiorites, 
indicating that the microcline contains little albite in solid 
solution. Epidote is not present in sufficient amount to result 
in the appearance of wollastonite in the norm.
The only known chilled phase of the contaminated granodiorites 
occurs along the southerly contact of the Bolairo granodiorite.
TABLE 4 Modal analyses of the contaminated granodiorites
1. 2. 3. 4. 5.
Quartz 38.9 41.0 47-5 32.9 9.3
Microcline 8.9 5-3 7.6 12.4 -
Plagioclase 34.2 30.4 26.2 28.6 14.3
Biotite 16.1 16.0 12.1 23.8 15.4
Muscovite 1.8 7-3* 6.5* 2.3 -
Grcrundmass _ _ — 6O.9
1. Mean of seven modes of the Clear Range granodiorite.
2 and 3. Modal analyses of two specimens of the Callemondah 
granodiorite from the vicinity of Bohoyan Homestead.
4. Mode of the Bolairo granodiorite; specimen collected 
about 2 miles (V.£. of Bolairo Homestead.
5« Mode of the chilled margin of the Bolairo granodiorite; 
specimen collected about 2 miles N.E. of Bolairo Homestead.
* Largely of secondary origin.
TABLE 5* Analyses and molecular norms of the contaminated 
granodiorites.
1. 2. 3. 4. 5. 6. 7- 8.
Si02 68.63 68.44 69.21 68.85 68.26 67.90 68.21 68.42
TiC>2 O .65 0.68 0.66 0.69 0.66 0.74 O .78 0.69
AI2O3 14.70 13.86 13.46 13.44 14.29 13.97 15*27 14.14Fe203 0.60 0.67 0.99 0.96 1.03 O.87 O.85 0.84FeO 3.55 3.79 3.77 3.75 3.52 3.99 3.93 3.75MnO 0.06 0.05 0.09 0.05 0.08 0.06 0.03 0.06
MgO 1.90 2.30 1.93 2.33 1.84 2.64 2.21 2.16
CaO 2.93 2.62 2.35 2.30 2.70 2.03 2.67 2.51
Na20 2.21 2.36 I.94 2.24 2.15 1.97 n. d. 2.14
K2O 3.40 3.61 3.35 3.62 3.39 3.16 n.d. 3*42H20+110°c 1.11 1.15 1.46 1.82 1.61 1.80 n. d. 1.49H2O-HO0C 0.05 0.07 0.06 0.20 0.09 0.09 n.d. 0.09
P2O5 0.08 0.23 0.17 0.17 0.17 0.24 n. d. 0.19
CO2 0.07 0.03 0.07 0.02 0.03 0.05 n.d. 0.04
99*94 99.88 99.51 100.44 99*82 99*51
Molecular norms.
Q. 30.65 29.10 34.11 30.83 31.40 32.80 — 31*36
Or. 20.65 21.85 20. 95 21.95 20.85 19.80 - 20.80
Ab. 20.05 21.85 18.05 20.50 20.30 18.60 — 19.65
An. 14.00 11.60 11.50 10;95 13.00 9.45 - 12.55
c .  2.77 2.24 2.97 2.31 2.79 4.48 - 2.93
En. 5*50 6 .5 ^ 5 .58 6 .70 5-34 7 .68 - 6.24
Fs. 4.36 4.48 4.42 4.40 3.94 4.80 — 4.32
11. 1.04 1.04 1.04 1.04 1.04 1.04 — 1.04
Mt. 0.69 O.69 1.05 1.03 1.05 1.03 - O .96
Ap. 0.29 0.61 0 .3 2 0.29 0.29 0 .32 - 0.15
Biotite variant of the average (analysis 8 ) : -
Q. 36.64: Or. 12. 00: 1lb. 1 9 .6 5 :  An. 12.55: Bi. 14.08
11. 1.04: C 2. 93: Mt. 0.<?6 : Ap. 0.15.
1. Clear Range granodiorite, Fitz's Hill, A.C.T. Anal.
Rudowski and Unwin.
2. Clear Range granodiorite, about 1 mile due south of Flinders 
trig., N.S.W. Anal. Rudowski and Unwin.
3* Callemondah granodiorite, Boboyan Homestead, A.C.T. Anal. 
Rudowski and Unwin.
4. Bolairo granodiorite, chilled phase, about -^milesnorth east 
of Bolairo Homestead. Anal. Rudowski and Unwin.
5« Hormal Bolairo granodiorite, adjacent to specimen No. 4. 
Anal. Rudowski and Unwin.
6. Willoona granodiorite, about -g- mile south west of Willoona 
Homestead. Anal. Rudowski and Unwin.
7» Partial analysis of normal Bolairo granodiorite. Locality 
as for Ho. 5* Anal. N-.J.Snelling.
8 . Average contaminated granodiorite.
Fig. 15* Chilled facies from contact of 
Bolairo granodiorite about 2 miles .N.E. of 
Bolairo Homestead. Diameter of field = 4 m m .
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In hand specimen the rock consists of phenocrysts of quartz, 
feldspar, and biotite in an aphanitic groundmass. In section 
the phenocrysts are euhedral, the feldspar is plagioclase about 
An.^ in composition, and zoning is absent even around the 
margin of the crystal. The groundmass is extremely fine grained 
but quartz, feldspar and biotite can be recognised (fig. 15)*
The mode of this rock is given in Table 4, No.5» The analysis 
(Table 5? No.4) is almost identical with the analyses of the 
holocrystalline contaminated granodiorites.
(ii). The Murrumbucka tonalite. - Microscopic examination 
of specimens of the Clear Range granodiorite collected south of 
Spring Vale Creek reveals the almost complete absence of potash 
feldspar. This basic facies of the granodiorite has been named 
the Murrumbucka tonalite (after the Parish of Murrumbucka in 
which outcrops of the tonalite abound). The boundaries of the 
tonalite, which has an area of about 20 square miles, have been 
mapped by Browne (1943)$ to the south this rock frays out into 
a number of tongues which form sill like bodies concordant with 
the sedimentary foliation in the Ordovician metasediments, (see 
fig. l). The intrusion of the Cooma gneiss and the metasediments 
of its aureole by the tonalite has been clearly demonstrated by 
Browne in this region. In hand specimen the tonalite is almost 
indistinguishable from the contaminated granodiorites, the most 
reliable diagnostic feature of the tonalite, in the field, being 
the abundance of hornblendic xenoliths. The tonalite is
Fig. 16. Strongly foliated Murrumbucka 
tonalite from Sandy Creek. Diameter of 
field = 4 mm*
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composed, of quartz, basic andesine (An.^g and biotite,
with occasional grains of green hornblende, epidote being the
characteristic accessory mineral. The fabric of the tonalite
is very similar to that of the other members of the bathylith
so far considered (fig.16). Biotite and plagioclase occur
in clots and plagioclase crystals show the hiatal size
distribution characteristic of the contaminated granodiorite.
Strain effects are particularly noticeable in the tonalite.
Quartz usually shows undulöse extinction and granulation, and
in many instances granulation was followed by recrystallisation 
a
giving/medium grained mosaic of interlocking, strain free, 
quartz crystals. Cleavage planes in biotite are usually 
corrugated but this mineral also shows evidence of recrystallis­
ation resulting in the development of finer grained, strain free 
flakes. Epidote can be seen occurring as an alteration product 
of biotite but in slides showing signs of recrystallisation it 
occurs as euhedral crystals, intimately associated with 
recrystallised biotite. This mode of occurrence lead Joplin 
(1943) to suggest that it was of primary origin but it now 
appears that the euhedralism of thismineral is due to its high 
position in the crystalloblastic series.
The modes of four thin sections of this tonalite are given 
in Table 6; as with the contaminated granodiorites the tonalites 
have a rather high content of quartz. The mean of four specific 
gravity determinations is 2.739 with an average deviation of
TABLE 6. Modal analyses of the Murrurabucka tonalite
1.
•
2.* 3.* 4.
Quartz 38.8 48.5 39-7 33.4
Plagioclase 49.2 39-1 37.3 36.6
Microcline 0* 6 - - -
Biotite 11.0 11.5 21.5 29-8
Hornblende - 1.0 0.8 -
Epidote 0.2 1.1 0.5 0.2
Serici-te 0.3 - • 0.2 -
1. Tonalite from Spring Valei Creek. The occurrence of small
amounts of potash feldspar in samples collected in a traverse
along this creek, together with the presence of both hornblendic 
xenoliths characteristic of the Murrumbucka tonalite, and 
sedimentary xenoliths characteristic of the Clear Range grano- 
diorite, suggest that the tonalite grades into the granodiorite 
at about this latitude.
2. Tonalite, Murrumbucka Gap, about 3 miles E.H.E. of 
Murrumbucka trig. (See Browne, 1943? Plate Vi).
3. Tonalite, about 6^ - miles S.S.E. of Murrumbucka trig, (see 
Browne, 1943? Plate Vi).
4. Tonalite, Bark Gunyah Creek, 2# miles S.S.E. of Murrumbucka trig.
* The chemical analyses of these two specimens show no appreciable 
differences, indicating that differences in the modes of individual 
thin sections must be regarded with caution.
TABLE 7 • Analyses and molecular norms of the Murrumbucka
tonalite •
1. 2. 3. 4.
Si02 63.67 63.35 • 63.51 69.35
TiOg O.69 0.84 0.76 0.48
Al2°3 14.81 16.92 15.86 14.93
* 2 °  3 1.04 1.23 1.13 1.19
FeO 4.73 4.58 4.65 3.07
MnO 0.07 nd 0.04 0.06
MgO 3.70 3.03 3.36 0.94
CaO 5.13 4.45 4.79 3.04
Na20 1.94 1.90 1.92 4.67
K2° 2.69 2.28 2.48 1.48
v >  110 c 1.38 0.86 1.12 O.64
h20 -110°c 0.08 0.09 0.08 —
P2°5 0.15 tr 0.07 0.15
C02 0.03 nd nd -
99.67 99.53 99.78
Molecular norm.
Q. 22.06 25.43 24.35
Or. 16.65 13.75 15.50
Ab. 17.80 17.80 16.65
An. 24.37 22.95 23.75
c. - 3.55 1.96
Wo. 0.34 - -
En. 10.56 8.72 9-64
Fs. 5.86 5.28 5.52
11. 1.04 1.14 i .1 4
Mt. 1.03 1.38 1.20
Ap. O.29 - 0.29
Biotite
Q.
Or.
Ab.
An.
C.
Wo.
Bi.
II.
Mt.
Ap.
variants
30.29 32.44 31.95
2.10 2.90
17.80 16.65
22.95 23.75
3.55 1.96
18.64 20.16
1.14 1.14
1.38 1.20
— 0.29
1. Murrumbucka tonalite; southern extremity of the
westerly prong of tonalite, about 63- miles 3.S.B. of 
Murrumbucka trig., N.S.W. Modal composition given in 
Table 6, No.3« Anal. Rudowski & Unwin.
2. Murrumbucka tonalite; Murrumbucka gap, about 3 miles
E.N.E. of Murrumbucka trig. Modal composition given in 
Table 6, No.2. Anal. G.A.Joplin (Joplin, 1943).
3. Average of 1 and 2.
4. Average biotite tcnalite; Nockolds, (1954)» Table 2, No.10
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i 0.027« Two analyses of the tonalite are given in Table 7; 
it is considerably poorer in silica than the rock types so far 
considered and much richer in lime. It maintains the high 
proportion of potash relative to soda already seen to be 
characteristic of the other components of the bathylith. The 
small amount of normative wollastonite in analysis 1, Table 9> 
probably reflects the traces of hornblende recorded in this rock 
(Table 8, no.3)«
Since the xenoliths occur as disc shaped bodies lying within 
the plane of foliation of the tonalite, it is probable that the 
foliation is primary, but it has almost certainly been intensified 
by deformation and recrystallisation. Browne (1943) has 
commented on the concordancy between the flow foliation in the 
tonalite and the dip and strike of the enclosing Ordovician 
sediments: he writes "It seems certain that the shape assumed
by the intrusion was conditioned by either folding or faulting and 
it may well bethat the fanning out or deployment of the magma as 
it made its way up was directed by structural features of the 
enclosing Ordovician strata".
(iii). The Stewartfields, Bendora and Gingera granites.
The Stewartfields adamellite occurs as a small oval shaped outcrop 
between the settlement at Yaouk and Stewartfields homestead. The 
rock is rich in xenoliths and similar to the contaminated grano- 
diorites though the foliation is weaker. In thin section it is 
composed of quartz, microcline, plagioclase and biotite with
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a c c e s s o r y  m u s c o v i te ,  e p i d o t e ,  a p a t i t e  and i r o n  o r e s .  The 
p l a g i o c l a s e  c o n s i s t s  o f  e u h e d r a l  c o r e s  o f  l a b r a d o r i t e  ( A n . ^ )  
a lm o s t  c o m p le te ly  a l t e r e d  to  s a u s s u r i t e ,  s u r ro u n d e d  by f r e s h  
n o rm a l ly  zoned p l a g i o c l a s e  r a n g in g  i n  c o m p o s i t io n  from  A n . ^  
t o  A n .^ .  B i o t i t e  i s  s t r o n g l y  e u h e d r a l  w h i l s t  q u a r t z  o c c u r s  
a s  s u b h e d r a l  c r y s t a l s  and i n  g r a p h ic  i n t e r g r o w t h  w i th  m i c r o c l i n e .  
( f i g . 17)» C hem ical and modal a n a l y s e s  o f  t h i s  r o c k  a r e  g iv e n  
in  T a b le s  8 and 9* D e s p i te  th e  o b v io u s ly  c o n ta m in a te d  n a t u r e  
o f  t h e  a d a m e l l i t e ,  t h e  r o c k  a n a l y s i s  h as  a h ig h e r  c o n t e n t  o f  
p o t a s h  th a n  th e  c o n ta m in a te d  g r a n o d i o r i t e s  and t h i s  i s  r e f l e c t e d  
in  t h e  h ig h e r  p r o p o r t i o n  o f  p o t a s h  f e l d s p a r  t o  p l a g i o c l a s e ;  
th e  p r o p o r t i o n  o f  soda  t o  l im e  i s  a l s o  h i g h e r  th a n  i n  th e  
c o n ta m in a te d  g r a n o d i o r i t e s .
G r a n i t i c  r o c k s  (G in g e ra  and E endora  g r a n i t e s ) ,  s i m i l a r  i f  
n o t  i d e n t i c a l  w i th  t h e  c o n ta m in a te d  g r a n o d i o r i t e s  o f  t h e  b a t h y l i t h ,  
o u tc ro p  a lo n g  t h e  r i d g e  o f  h i l l s  fo rm in g  t h e  B r i n d a b e l l a  and 
B im beri Ranges and e x te n d  s o u th  a s  f a r  a s  M i l l r o y  Homestead.
Only a b r i e f  e x a m in a t io n  o f  t h i s  r e g i o n  h as  been  made due to  t h e  
i n a c c e s s i b i l i t y  o f  t h e  c o u n t r y .  The b o u n d a r i e s  o f  th e  g r a n i t e s  
were mapped by th e  Bureau  o f  M in e ra l  R e s o u rc e s  a lm o s t  e n t i r e l y  
from  a i r  p h o to g ra p h s  and no r e v i s i o n  was a t t e m p te d  d u r in g  th e  
p r e s e n t  i n v e s t i g a t i o n .  An a n a l y s i s  o f  a g r a n o d i o r i t e  from  t h i s
r i d g e  i s  g iv e n  in  T a b le  95 i t  i s  a lm o s t  i d e n t i c a l  w i th  th e  
a n a l y s e s  o f  t h e  c o n ta m in a te d  g r a n o d i o r i t e s  o f  th e  b a t h y l i t h  
Modal a n a l y s e s  a r e  g iv e n  i n  T a b le  8 .
TABLE 8. Modal analyses of the Stewartfields, Gingera and 
Bendora granites.
1. 2. 3* 4. 5-
Quart z 36.1 36.8 34.6 37.0 , 36.7
Microcline 21.5 9.9 22.0 18.6 22.9
Plagioclase 25.4 29.O 25.8 24.7 I8.5
Biotite 17.0 22.2 16.6 9.7 2.8
Muscovite _ 2.1** 1.0** 10.0* 9.1*
1. Modal analysis of the Stewartfields adamellite from about 
4- miles south of Yaouk.
2. Modal analysis of a foliated contaminated granodiorite 
3 miles north of Millroy Homestead.
3» Modal analysis of a foliated granitic rock just below 
the summit of Mt. Gingera.
4. Modal analysis of the typical Bendora granite.
5* Modal analysis of a fine grained leucocratic facies of 
the Bendora granite.
* Mainly secondary sericite.
** Mainly primary muscovite.
TABLE 9* Chemical analyses of the Stewartfields and Gingera 
granites.
Si02
1.
6 9 .O5
2.
68.46
Ti02 0 .6 2 0.60
AI2O3 13.66 13.66
P62Q3 0.71 0.59
FeO 3.32 3 . 7 8
MnO 0.06 0.06
MgO I . 6 5 2.40
CaO 2.79 2.90
Na20 2 . 5 8 2.21
k 2° 4.05 3.23
H20+110°C 1 . 3 6 1.44
H20-110°C 0 . 0 9 0 .08
p 2°5 0.17 0.16
CO2 0 . 0 5 0.07
Sp. Gr.
100.16
2.705
9 9 - 6 5
2 . 7 2 4
Molecular norms.
Q* 26.45 32.09
Or. 25.30 19.90
Ab. 24.11 20.45
An. 13.45 14.20
c . 0.13 1.92
En. 4.72 4.68
Ps. 3.90 4.80
11. 0 . 9 2 0.94
Mt. 0.69 0 . 7 0
Ap. 0.29 0 .3 2
1. Analysis of the Stewartfields adamellite about \ miles 
south of Yaouk. Anal. Rudowski and Unwin.
2. Analysis of a foliated contaminated granodiorite 3 miles 
north of Millroy Homestead. Anal. Rudowski and Unwin.
**
Pig. 17* Stewartfields adamellites, the 
plagioclase having much altered cores of 
labradorite. Specimen collected from about 4 miles south of Yaouk Homestead. Diameter of 
field = 4 mm.
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(c). The petrography of the Leucogranites.
The main characteristics of the members of this group have 
been summarised in the introductory remarks. Coarse grained 
leucogranites outcrop over about 10 per cent of the area of the 
bathylith. Microgranites, granite porphyries and aplites occur 
as minor intrusions in the Shannons Flat granodiorite and in the 
coarse leucogranites but their total area of outcrop is probably 
small; no attempt has been made to map all the occurrences of 
the finer grained members of the granite clan.
(i). Coarse grained leucogranites. - The biggest mass of
leucogranite occurs along the western margin of the bathylith
south of Coronet trig., forming a prominent range of hills,
inaccessible except to well organised parties of walkers. South
of the Shannons Flat to Yaouk road, two distinct granites have
but nortn of the road the outcrop of the leucogranites was determined
been mapped^entirely from air photographs and the boundaries
are somewhat uncertain.
As mapped, the Yaouk leucogranite has an area of 25 square 
miles; in the field, well spaced but strong diagonal jointing 
prevails and the outcrop forms a tor studied ridge of considerable 
relief. In hand specimen the granite is a coarse grained, 
porphyritic, creamy coloured rock; the phenocrysts are of 
tabular feldspar 2 cm. to 4 cm. in length and may show a preferred 
orientation, apparently a flow foliation. Weathered surfaces 
are smooth and the rock is virtually undecomposed. In thin 
section it is composed of deformed and granulated quartz,
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microcline, plagioclase, and a trace of biotite and muscovite 
(fig.18). Microcline forms tabular subhedral phenocrysts, 
microperthitic lamellae are cojnmon, carlsbad twinning is general 
and cross batch twinning is extremely well developed. The 
phenocrysts include equant subhedral crystals of plagioclase. 
Plagioclase feldspar (An.g, low temperature optics) is 
subordinate in amount to microcline and occurs as equant sub­
hedral crystals measuring up to 5 mm. in size. Coarse albite 
twinning is general, zoning is rare and most crystals are 
homogeneous. Very fine grained white mica occurs along the 
traces of the cleavage planes and the twin composition planes. 
Plagioclase occurs in clots with traces of muscovite and altered 
biotitej quartz forms pools about 1 cm. by 0.5 cm. within a 
f-ramework of microcline phenocrysts and plagioclase/mica clots. 
Cataclastic effects are common, quartz shows undulöse extinction 
and granulation, and microcline phenocrysts have often been 
fractured, the fractures being healed with unstrained quartz.
The chemical and modal composition of the Yaouk leucogranite 
are given in Table 11; the extremely high content of silica and 
low lime and magnesia are particularly distinctive features of 
this rock.
The Yaouk leucogranite is bordered on the west by a narrow 
dyke like body of muscovite granite (the Westerly muscovite 
granite), the known area of outcrop of this rock being 5ir square
TABLE 10 Modal analyses of the coarse leucogranites*.
Quartz
1.
19-87
2.
28.39
3.
41.89
4.
49.13
Microcline 59-22 40.84 34.23 25.18
Plagioclase 15.90 29.83 19.18 19.07
Biotite 2.90 0.14 2.66 2.75
Muscovite 2.11 0.80 2.04 2.86
Sp. Gr. 2.635 2.607 2.642 2.625
1 and 2. Modal analyses of the Yaouk leucogranite from the 
Shannons Flat to Yaouk road about 2 miles N.E. of Yaouk trig.
A chemical analysis of specimen 2 is given in Table 11, No. 1.
3 and 4. Modal analyses of the Westerly muscovite granite 
about 2-g- miles S.S.W. of Yaouk trig. A chemical analysis of 
specimen 4 is given in Table 11, No. 2.
* The wide variation displayed by these modes clearly indicates 
the desirability of a carefully controlled study of the 
mineralogical composition of these components.
Pig. 18. Highly deformed. Yaouk leuco- 
granite, microcline phenocrysts having been 
fractures and the fractures healed with quartz. 
From road cutting between Yaouk and Shannons 
Flat. Diameter of field = 4 mm.
Fig. 19* Undeformed Westerly muscovite 
granite composed of quartz, microcline, albite, 
muscovite and biotite. From a road cutting 
between Yaouk and Shannons Flat. Diameter of 
field = 4 mm.
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miles. In hand specimen it is a medium grained rock rather 
aplitic in texture and composed of quartz, feldspar and white 
and dark mica. The outcrops are extremely weathered, even the 
largest boulders being completely rotten. In thin section this 
granite is composed of quartz, microcline, sodic plagioclase and 
small amounts of muscovite and altered biotite (fig.19)» The 
potash feldspar is microcline with excellent cross hatch twinning 
and irregular stringers of exsolved albite; it occurs as tabular 
crystals up to 5 111 • in length enclosing and moulding round 
equant crystals of plagioclase. The plagioclase is albite (An.p, 
low temperature optics) and occurs as equant crystals 1 mm. to 
3 mm. in size. It is twinned but unzoned and sericitic 
alteration is common. Quartz, frequently euhedral against 
microcline, occurs interstitially and in pools 5 nun. or more in 
size. In contrast with the adjacent Yaouk granite, the Westerly 
muscovite granite is virtually free of deformation effects. 
Muscovite and biotite occur as irregular flakes scattered through­
out the rock.
A chemical analysis of the Westerly musoovite granite is 
given in Table 11. Further modal analyses are necessary before 
a satisfactory estimate of the mineralogical composition of this 
rock can be given.
Leucogranites of the Yaouk type extend south of the River 
Murrumbidgee but the area of outcrop appears to be small.
A dyke like body of leucogranite was mapped by Browne (1914)
41.
along the eastern margin of the bathylith; the main butcrop 
extends for about 10 miles north of Bunyan and has an average 
width of half a mile. Joplin has described this rock as 
follows: - "In hand specimen the rock is a well foliated
gneiss consisting of quartz, feldspar and a little mica.........
Under the microscope mortar structure is well exhibited with 
microcline porphyroblasts set in a fine mosaic of feldspar and 
mica. The porphyroblasts (3 mm.) are somewhat elongated and 
their longer axes are usually roughly parallel. The mosaic is 
very variable in grain size with single grains of quartz, 
microcline, or plagioclase varying from 1 mm. to less than 0.1 mm. 
Occasionally small groups of grains measure about 1 mm. Muscovite, 
with a little biotite, occurs in elongated flakes arranged in 
narrow bands".
It is apparent both in the field and in thin section that 
these rocks have been subjected to very intense shearing, 
regarded by Opik (personal communication) as evidence of a 
southerly extension of the Murrumbidgee Fault zone. Two 
chemical analyses of this rock are given in Table 11? the 
analysis made during the present investigation is very similar 
to that of the Yaouk leucogranite; Joplin's analysis is also 
similar apart from a rather high content of alumina. It seems 
likely that this rock was derived from the same magma as the 
Yaouk leucogranite. Joplin is of the opinion (1943) that the 
Bunyan leucogranite (White gneiss) grades into the Murrumbucka
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tonalite (the Blue gneiss) hut this has not been confirmed by the 
writer who believes that the two rocks are separate intrusions.
At the northern end of the bathylith, dyke like bodies of 
Yaouk type leucogranite intrude the Shannons Flat granodiorite 
in two localities, one being about 2 miles M W  of Castle Hill, 
and the other about 3 miles HW of Riverlea Homestead.
(ii). Microgranites and aplites. - Microgranites and 
aplites occur in the coarse grained leucogranites, in theShannons 
Flat granodiorite, and in the Tharwa adamellite; they are not 
usually associated with or intrusive into the contaminated 
granites. The microgranites include porphyritic and aphyritic 
varieties; with decrease in grain size the aphyritic types 
become aplites. Porphyritic varieties contain euhedral pheno- 
crysts of quartz, microcline, albite-oligoclase, and biotite in 
a fine grained goundmass of the same minerals plus muscovite.
The phenocrysts of quartz and microcline may measure up to 5 mm. 
across but those of plagioclase and biotite are about 1 mm. in 
size. The aphyritic varieties are equigranular with an average 
grain size of 2 miß., and are composed of quartz, microcline, 
albite-oligoclase, biotite and muscovite. Crystals are 
typically subhedral to anhedral in form.
Aplites and microgranites are particularly common towards 
the northern end of the Shannons Flat granodiorites and appear to 
have been intruded along the diagonal joints characteristic of 
this intrusive. They are very well developed along Blue Gum
%
TABLE 12. Chemical an a ly se s  and m olecu la r norms o f le u c o c ra tic  
m ic ro g ra n ite s .
1 . 2 .
S i02 75.14 75.66
Ti02 0.21 0.25
a i 2 o 3 12.42 12.72
Fe2°3 0.61 0.60
FeO 0.68 0.64
FnO 0 . 0 2 0 . 0 1
Mee 0 .5 7 0 .2 3
CaO 1 .5 5 0 . 8 2
Na20 3 .1 8 2 .9 0
k 2 o 4 .7 4 4 .8 9
h2o 110° c 0 .5 4 0 .6 3
h20 - 110° c 0 .0 5 0 . 0 6
P2°5
0 . 0 9 0 . 0 6
° ° 2  * 0 . 0 3 n i l
9 9 .8 3 9 9 .4 7
Q 3 2 .6 8 3 6 .2 6
O r. 2 8 .3 0 2 9 .7 0
Ab. 29 -45 2 6 .8 5
An. 5 .6 7 3 .5 5
C. - 1 .5 6
Wo. 0 . 6 6 -
En. 1 .5 8 0 . 6 8
F s . 0 .3 6 0 . 2 2
1 1 . 0 .3 4 0 .3 4
M t. 0 .6 7 O.69
Ap. 0 .2 9 0 .1 5
1 .  G ra n i te  p o rp h y ry  , Thawa V i l l a g e .  A n a l. Rudowski
& U nw in. . ___
2 . M ic ro g ra n i te  ( a p h y r i t i c ) .  T h ree  m i le s  N .V . o f  Booroomba
ho m estead A n a l. Rudow ski & Unwin
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Creek to the south east of Booroomha Homestead.
Two microgranites have heen analysed (Table 12). It will 
be seen that they are very similar in composition to the coarse 
grained leucogranites, especially the Yaouk type.
Pegmatites are very rare but qu rtz and quartz tourmaline 
veins are common, particularly in association with the contamin­
ated granodiorites.
V . XENOLITHS.
Xenoliths are abundant in the contaminated granites but 
rare or absent in the other components of the bathylith. They 
can be considered in two groups, namely, the hornblendic 
xenoliths in the Murrumbucka tonalite which were probably 
derived from a basic igneous rock; and the xenoliths from the 
contaminated granodiorites and the Stewartfields adamellite, 
which, though including a variety of petrographic types, were 
probably derived from sedimentary rocks. A few xenoliths 
occur in the uncontaminated granites and are similar to those 
occurring in the contaminated granodiorites. Ho xenoliths have 
been found in the leucogranites. The xenoliths are usually 
discoid in shape with a major diameter less than one foot 
though some have been observed measuring up to five feet. Their 
largest surface lies in the plane of foliation of the enclosing 
igneous rock, suggesting that the foliation is a primary flow 
structure. Most of the xenoliths are in an advanced stage of 
alteration, becoming progressively lighter in colour until they
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finally form ghosts on the verge of being lost in the matrix; 
they show no lessening in the degree of alteration as the 
contact between the host rock and intruded sediments is 
approached. Contacts of the bathylith with the country rocks 
are sharpe and smooth and only a few of the many xenoliths can 
be identified as derivatives of the rocks with which the 
different components of the bathylith are now in contact.
Xenoliths in the chilled margin of the Bolairo granodiorite are 
similar in every respect to those occurring in the holocrystalline 
facies of the contaminated granodiorites, suggesting that the 
xenoliths were in much their present state of alteration before 
intrusion to the present level occurred.
(a) Xenoliths in the Murrumbucka tonalite.
(i) Their petrography. - The most characteristic feature 
of the Murrumbucka tonalite is the occurrence of numerous 
hornblendic xenoliths to the virtual exclusion of all others.
They are discoid in form and lie within the plane of foliation of 
the tonalite, the largest measuring about a foot across and 
6 inches in thickness but they all show stages of mechanical 
disintegration and vary in size down to microscopic dimentions.
In appearance they range from distinct bodies of shiny black 
hornblende and white feldspar to pale grey bodies distinguishable 
from their host only by their finer grain size and the absence 
of foliation (plate 23)« In thin section they are composed of 
honnblende, biotite, plagioclase and quartz, with accessory
46
epidote. The constituent minerals are subhedral in form and 
the texture is equigranular (fig.20). The grain size is of 
the order of 1 mm. to 2 mm. Hornblende is a green variety 
prismatic in habit; its composition is given in Table 16. 
Plagioclase occurs as equant crystals showing normal zoning, 
ranging from An.^ ‘to An.^$ residual basic cores are common 
and may be as basic as An.^. Biotite occurs as anhedral 
flakes free of any alteration; an analysis is given in 
Table 16. In the sections examined, quartz forms a groundmass 
of fine irregular interlocking grains free of strain, a fabric 
possibly due to recrystallisation, evidence of which has been 
observed in the tonalite. The colour variation seen in the 
hand specimens appears to be due to differences in the 
proportions of hornblende and plagioclase, the content of quartz 
and biotite remaining approximately the same. Modal analyses 
are given in Tablel3* The specific gravities decrease with 
decrease in the proportion of hornblende to plagioclase.
Two analyses of these xenoliths are available (Table 14) 
and the minerallogical composition of the rock analysed during 
the present investigation is given in Table 13? No.3* No 
thin section or hand specimen was available for the rock 
analysed by Joplin, but it is obvious that the xenolith is 
basic and was presumably rich in hornblende and basic plagioclase 
and poor in quartz and biotite. Some idea of the mineralogical 
composition may be gained by calculating the hornblende-biotite
TABLE 13* Modal analyses of the hornblendic xenoliths from 
the Murrumbucka tonalite.
1. 2. 3. 4.
Quartz 21.3 30.4 29-5 30.2
Plagioclase 26.6 23-7 37.3 39.9
Biotite 10.6 6.8 12.1 12.6
Hornblende 40.6 38.3 20.6 16.7
Epidote 0.5 - - -
Iron ores 0.4 - - -
Sp. Gr. n. d.* 3.044 2.865 00.CM
1, 2, and 3« Xenoliths from Murrumbucka Creek at 
Gap Hoad Crossing (see Browne, 1943» Plate VI).
4. Xenolith, 4 miles S.E. from Murrumbucka trig. 
A chemical analysis of this xenolith is given in 
Table 14, No.l.
* This mode was determined on a thin section loaned by
«5Dr. G.A.Joplin for which no hand specimen was available.
TABLE 14. Analyses and molecular norms of inclusions fran the 
Murrumbucka tonaiite.
1. 2.
Si02 60.43 49.07
TiOp 0.55 0.69
Al2°3 14.53 21.76
F e ^ 1.66 3.44
FeO 5.00 8.74
MhO 0.10 nd
MgO 6.71 3.65
CaO 5.56 10.32
Ha20 2.12 1.03
k2o 1.74 0.37
h 2o 110°C 1.49 0.62
H20 "110°C 0.10 0.14
P2o5 0.11 tr
co2 nil nd
100.10 99.83
"Catanoims" "Mesonorms"
1. 2. 1. 2.
Q. 15.94 8.40 Q. 23.26 12.05
Or. 10.23 2.30 Ab. 19.39 9.50
Ab. 19.39 9.50 An. 11.65 30.40
An. 25.66 53.05 Biotite16.40 3.68C. — 1.09 Hornblende
Wo. 0.80 - 24.00 33.99
Sn. 19.17 10.48 C. 2.42 5.62
Fs. 5.95 10.42 11. 0.68 1.04
11. 0.68 1.04 Mt. 1.88 3.72
Mt. 1.88 3.72 Ap. 0.29 -
Ap. 0.29
1. Quartz-biotite-homblende-plagioclase xenolith from the 
Murrumbucka tonaiite; about 4 miles S.ä. fron Murrumbucka trig. 
Modal analysis given in Table 13, Mo.4. Anal. Rudowski & Unwin.
2. "Amphibolite" xenolith from the Murrumbucka tonaiite; 
Murrumbucka Creek at Gap Road crossing. Anal. G.A.Joplin in 
Vallance, 1953.
N.B. In calculating the mesonorms the following "normalized" 
formulae are used:- Biotite K.AlCMg.Fe^SijO^OH)^
Hornblende Ca^Mg.Fe^AljjSiYO^OH)^,
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variant of the molecular norm (the mesonorm of Barth, 1955»
Table 3«)*
(ii). Their origin. - The mineralogy and chemistry of 
the more basic xenolith suggests that it was derived from a 
body of pre-existing basic rock which may have had affinities 
with the aluminous epidiorites found in the Ordovician sequence 
at Cooma. Compared with the analyses of these epidiorites 
(Table l), Joplin's analysis is high in alumina and low in 
magnesia but it is impossible to show to what extent (if any) 
these peculiarities are due to reaction with the magma. The 
basic intrusives in the Ordovician of the Cooma region have a 
spasmodic distribution suggesting that the hornblendic 
xenoliths, which occur in the tonalite to the virtual exclusion 
of all others, were derived from a relatively large mass of 
basic igneous rock at depth.
(b) Xenoliths in the contaminated granodiorites.
(i) Their petrography. - The most common xenoliths are 
composed of quartz, feldspar and biotite; in hand specimen they 
are dark in colour and fine to medium grained, often with 
conspicuous "phenocrysts" of feldspar (Plates 24 and 25)» In 
thin section they consist of tabular subhedral plagioclase,
An.^Q to An.^ in composition and ragged flakes of reddish 
biotite (an analysis of the biotite is given in Table 16), all 
poikilitically enclosed by quartz (fig.21). Numerous needles 
of apatite and a few grains of magnetite are the only accessory
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minerals. The plagioclase and biotite crystals are generally 
less than O.5 nun. in size but the enclosing quartz crystals are 
coarser and may measure 3 mm, to 4 mm. across. Quartz has often 
suffered some granulation followed by recrystallisation and in 
the more strongly affected specimens the poikilitic fabric is no 
longer apparent. The phenocrysts of plagioclase are identical 
with the larger plagi'oclases from the host rock. The xenoliths 
collected from uncontaminated granites are of this type, differing 
only in the presence of a few anhedral grains of microcline.
An analysis of one of these xenoliths collected from the 
Callemondah granodiorite is given in Table 15» No.l; it is very 
similar in composition to the contaminated granodiorites, 
differing mainly in its higher content of magnesia and iron, 
lower silica, and slightly higher proportions of soda to potash. 
Although these xenoliths are similar both chemically and minera- 
logically,to the host granites, they differ in respect to texture 
(see also Brammall and Harwood, 1932, IVc), suggesting that 
whatever their origin they have undergone considerable reconsti­
tution and are in an advanced state of assimilation. Identical 
xenoliths occur in the chilled margin of the Bolairo granodiorite 
indicating that the state of assimilation shown by these xenoliths 
had been reached when the contaminated granodiorites were 
intruded to their present level, and were about 40 to 50 Per cent 
crystalline. The origin of these xenoliths is discussed below.
Bark green resinous actinolite bearing xenoliths also occur
TABLE 15. Analyses of xenoliths from the contaminated granodiorites.
1. 2. 3. 4.* 5.
Si02 65.49 61.66 61.61 56.8 50.76
Ti02 0.84 0.60 1.19 1.2 0.80
AI2O3 13.85 13.91 14.81 17.7 23.10
Pe?03 0.92 1.22 2.59 0.7 1.66
PeO 4.87 5.20 5.98 7.9 5.27
MnO 0.07 0.09 0.11 0.1 0.08
MgO 3.06 5.94 1.95 4.2 3.01
CaO 2.88 4.85 4.99 3.2 5.85
Na20 2.53 0.48 2.94 2.6 3.63
K2O 3.16 3.29 1.59 4.4 3*64
H20+ H 0°C I.56 2.40 1.40 1.3 1.48
H20“llooC 0.06 0.18 0.09 - 0.09
P2O5 0.13 0.04 0.53 - 0.10
CO2 0.01 0.05 0.03 0.03
99.43 99.91 99.81 99.50
Sp.Gr. 2.767 2.822 n. d. ( 2-72) 2.788
Molecular Norms.
Q. 24.32 22.65 22.68 — —
Or. 19.60 20.35 9.90 - 21.45
Ab. 23.10 4.65 27-30 - 32.70
An. 14.10 25.55 22.00 ~ 27.30
C. 1.51 0.60 0.61 - 3.74
Wo. - - - - -
En. 8.88 17.34 5.70 - 1.64
Fs. 0 • 00 6.52 6.04 - 1.16
jmzmk'
iVV“r ^ a r t« - f e lc l£ j iw -1 > io ^ 'i^ :  xenolii% j|ftcW i t l^ f e l l e m o n d a l i  _ V - ; 
g r a n o d io r i t e , B o & i  H om estead. ;Ä 1 . BudjHTC * ana Unwin.’f
2 . *‘fc& & tfA iälit« ifcönöiit&r tfflifc ;*k$v€ i f e r  K angl •grariö^at>hit-e , ij
C<V . O J  -. - ^r«.. —  - -  — -  a — . , _i Rä
Fitz’s Hill. Anal, Kudowski and Unwin.
3« Quartz-plagioclase-hornblende-diopside xenolith from the
Clear Range granodiorite, Spring Vale Creek. Anal. Kudowski 
and Unwin.
4. Calculated composition of the reaction rim around an 
actinolite xenolith from the Clear Range granodiorite. See 
page 55.
5. Biotite—plagioclase xenolith from the Clear Range grano— 
diorite, Spring Vale Creek. Anal. Kudowski and Unwin.
Calculated from mode.
Fig. 21. Quartz-biotite-feidspar
xenolith from the Clear Hange granodiorite. 
Granulation of quartz, followed by recrystall­
isation has destroyed the poikilitic fabric 
characteristic of these xenoliths.
Diameter of field = I mm.
A B
Pig. 22. Actinolite xenolith (A) with 
reaction rim (B) from Fitz's Hill. Diameter 
of field = 4 mm.
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in the contaminated granodiorites hut are much less common than 
the quartz-feldspar-biotite xenoliths. In thin section they are 
composed of quartz, plagioclase, actinolite, andbiotite, with 
abundant accessory minerals including epidote, clino-zoisite, 
sericite and sphene. Biotite and actinolite are intimately 
associated and are segregated into crude folia. The actinolite 
occurs as very fine fibres and is weakly pleochroic in shades of 
green; it has inclined extinction but is too fine grained to 
permit the determination of its sign. The intimate association 
of actinolite and biotite is such as to suggest that they have a 
reaction relation but it is not clear which of the two is 
replacing the other. Plagioclase feldspar occurs as equant 
crystal about 1 mm. in size and is almost completely altered to 
granular clino-zoisite and epidote. Its composition is variable 
ranging from An., ^  to An.^^. It is not unusual to find a 
crystal with a bytownite core and an andesine margin with a 
sharp boundary between the two; the more basic cores are 
particularly subjected to alteration. Plagioclase also occurs 
as smaller prismoid crystals less than 0«5 mm. in length, these 
crystals being basic andesine in composition and fairly unaltered. 
Quartz forms anhedral crystals measuring 5 mm* or more across and 
poikilitically enclosing all the other minerals (fig.22A.). 
Sericite is common as an alteration product of the plagioclase 
and euhedral crystals of sphene occur scattered throughout the
rock. An analysis of a typical actinolite xenolith is given
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in Table 15, No.2. The molecular norm contains corundum 
despite the presence in the xenolith of a calcareous amphibole; 
presumably the biotite contains more alumina than is required by 
the ideal formula, and it may be that the amphibole is an 
aluminous variety.
The chemical composition of the analysed actinolite xenolith 
corresponds with that of a calcareous tuff or shale and is 
unlike any known igneous rock. The high proportion of potash 
to soda is a particularly distinctive feature of the analysis 
and suggests that reaction between the xenolith and magma was 
not of great significance though there can be no doubt that basic 
plagioclase is being made over to less basic plagioclase and that 
actinolite may be reacting with the magma to give biotite.
Possibly these xenoliths represent the less modified cores of 
larger masses whose outer parts have been ^ stripped off by the 
moving magma (see below, page 5^)•
A large calo-silicate xenolith occurs in Spring Vale Creek 
about two miles west of Bredbo. It has a breadth of outcrop 
of 6 feet and a length of over 12 feet. In section it is 
composed of brown hornblende, diopside, sodic andesine and 
abundant quartz , the preferred orientation of the hornblende 
imparting a pronounced foliation to the rock. The xenolith • 
shows no marginal modification at its contact with the granodiorite 
whilst the host granodiorite adjacent to the xenolith is also 
unmodified. The xenolith strikes and dips parallel to the
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foliation in the adjacent granodiorite .* The analysis of this
xenolith is given in Table 15? Mo.3? its composition suggests 
that it was a calcareous tuff or shale.
Of particular importance are xenoliths of quartzite for 
there can he no doubt concerning their sedimentary origin. In 
thin section they are composed of quartz with a little inter­
stitial biotite and plagioclase. The plagioclase is present 
in too small an amount and is too highly altered, to permit the 
determination of its composition. In some instances the margins 
of these quartzite xenoliths have been feldspathised but it has 
not been possible to collect any specimens for examination in 
thin section. The grain size and texture of these xenoliths is 
typically that of a quartzite and layers of heavy minerals can 
often be seen (Plate 26).
Finally may be mentioned some rare micaceous xenoliths usually 
found where the amount if contamination is high. In section 
these are composed of equant crystals of andesine, and flakes of 
biotite and muscovite, most of the crystals measuring about 
2 mm. across. Quartz is absent from these xenoliths. An 
analysis of a plagioclase-biotite xenolith is given in Tablel5>
No.5« The high content of alumina and the common presence of 
muscovite suggests that these xenoliths were derived from 
aluminous pelites but the high content of lime and soda and the 
absence of quartz indicate that, if these inclusions were 
originally pelites, they have in all probability undergone
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desilication and feldspathisation since their incorporation in 
the magma.
(ii). Their origin. - Quartzitic, actinolitic and micaceous 
xenoliths for which it is reasonable to postulate a sedimentary 
origin, comprise about 20 per cent of the xenoliths in the 
contaminated granodiorites and adamellite; the remaining quartz- 
feldspar-biotite xenoliths give no indication of their original 
nature. They could either be cognate xenoliths or sedimentary 
xenoliths which have undergone complete reconstitution (Brammall 
and Harwood, 1932, pp.207-211). Since even quartzite xenoliths
are rounded in form and have feldspathized margins, it is suggested 
that the latter interpretation is most likely to be correct and 
that the quartz-feldspar-biotite xenoliths represent the psammo- 
pelitic and, in part, the pelitic fractions of an incorporated 
sedimentary sequence. These rocks would readily be transformed 
into phases with which the granodiorite was saturated.
Intermediate steps might see the formation of such minerals as 
sillimanite, andalusite, garnet and cordierite but these would be 
temporary and would survive only because of the exhaustion of 
the liquid magma (Bowen, 1928, p.216). Such intermediate steps 
are preserved in the xenoliths found in the Cowra granodiorite 
which is very similar to the contaminated granodiorites of the 
Murrumbidgee bathylith (Stevens, 1952)*
Thus it is suggested that these xenoliths represent 
incorporated sediments composed in the main of psammopelites
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(subgreywackes?) and pelites (argillacious shales) with minor 
amounts of quartzite anc calcareousftuffs or shales. The field 
evidence indicates that assimilation was largely complete 
before intrusion to the present level. Most of the xenoliths 
would thus have been derived from a pre Upper Ordovician 
sequence. Very little is known of the nature or even extent 
of the pre Upper Ordovician deposits over most of New South 
Wales. However, thick deposits occur beneath the Upper 
Ordovician in the Snowy Mountain region, to the immediate south 
west of the Murrumbidgee bathylith, and belong to the same 
depositional belt of the Canberra sequence (Opik, 1957)» These 
deposits consist of the Kiandra Beds composed of slates, impure 
quartzites, with, in places, andesites and andesitic tuff; 
underlain by the Bolton Formation consisting of (below) chert, 
slate, quartzite and even limestone followed (above) by a more 
or less uniform rhythmic sequence of grey, fine grained quartzite 
and dark slate. The upper quartzite contains a visible amount 
of dark minerals which may be of volcanic, as well as clastic 
origin. The assimilation of such material would well give rise 
to the range of xenoliths found in the contaminated granodiorites 
of the Murrumbidgee bathylith.
(c) Disintegration of Xenoliths.
Though xenoliths appear to make sharp and well defined 
contacts with the granite the contact actually presents a jagged 
embayed outline (Plate 27)* Assuming an initial shattering of
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the country rock by the intrusive force of the magma and by 
stresses caused by differing thermal properties of the different 
members of a sedimentary sequence, xenoliths wouldbe incorporated 
in the magma. Within such a huge mass of magma even quite 
large xenoliths would be brought to magmatic temperatures within 
relatively short periods of time (personal communication, 
Professor J. C. Jaeger) and aroundtheir margins partial fusion 
and reaction would commence causing the gradual distintegration 
of the xenolith. Partial fusion would also occur within the 
xenoliths so assisting disintegration but reaction would 
presumably be less effective here due to the relative slowness 
at which magmatic constituents could diffuse in to take part in 
reactions. The hybrid marginal zone so produced is liable to 
tail away and be dispersed by magma flowage and reaction rims 
to xenoliths are accordingly very rare. A few quartzite 
xenoliths can be seen to have a peripheral zone of feldspath- 
isation and some quartz-feldspar-biotite xenoliths have biotite 
enriched margins (Plate 25)» One actinolite xenolith collected 
in the new road cuttings on Fitz1 s Hill possessed a narrow 
reaction rim about a centimeter in width. In hand specimen the 
reaction zone is slightly coarser grained than the main mass of 
the xenolith and much more leucocratic. The contact between 
the reaction zone and the surrounding granodiorite is megascopi- 
cally sharp but the boundary between the main mass of the
xenolith and the reaction zone is gradational The reaction
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zone contains nc actinolite and the plagioclase is represented
only by the smaller prismoid crystals of andesine, the larger,
equant, more basic crystals of the actinolite bearing portion of
the xenolith are absent (fig* 22B). The reaction zone is in
fact very similar in appearance to some of the quartz-plagioclase -
biotite xenoliths. It was not possible to separate any of the
reaction zone for analysis but an attempt has been made to
*calculate its composition from the mode using in the calculation 
the composition of a biotite analysed from a quartz-feldspar- 
biotite xenolith (Table 16). The results are given in Table 15 
No. 4.
VI. SEQUENCE AND MANNER OP INTRUSION.
Few examples have been observed of the intrusion of one 
component of the bathylith by another and any postulated sequence 
of intrusion must at this stage be very tentative. In the 
Paddys River basin there is clear evidence of the intrusion of 
the Shannons Flat granodiorite by dykes of coarse leucogranite 
identical with the Yaouk leucogranite, and by a porphyritic 
microgranite identical with the chilled portions of the Tharwa 
adamellite, suggesting that the Yaouk leucogranite and the 
Tharwa adamellite were both intruded after the Shannons Flat 
granodiorite. The manner in which the Shannons Flat granodiorite
* Mode of reaction rim:- Qzt.20.1. Plag. An.^. 37«7•
Biotite 42.2. Specific gravity (calculated) 2.72.
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truncates the Clear Hange and Callemondah granodiorites further 
suggests that the emplacement of the contaminated granodiorites 
preceded the emplacement of the Shannons Flat granodiorite.
Aplites and porphyritic and aphyritic potassic microgranites 
intrude all the major components of the bathylith.
The components of the bathylith are characteristically 
elongated parallel to the regional grain of the country rocks and 
the relations between the boundaries and topography always indicate 
that the contacts are very steep. There is no visible or 
inferable floor to any of the components. The bathylith and its 
components thus have a general dyke-like habit. Most of the 
inclusions are highly altered and there is nothing to suggest 
that they were derived from the adjacent rocks $ emplacement at 
the present level does not appear to have caused any shattering 
of the country rocks though stoping obviously occurred at an 
earlier stage of the intrusion of the contaminated granites.
Once a fracture had been established, later influxes of magma 
could rise with little contamination, so giving rise to the 
uncontaminated granites. The primary flow foliation, where 
distinguishable, strikes about N.10° W. and always has a steep 
to vertical dip, indicating magmatic flow within a vertical 
plane. Shallow dipping flow foliations, which generally indicate 
flow arches, have not been observed. The preferred orientation 
of linear fabric elements has not been observed in the foliated
components of the bathylith. However, to the writer, the foliated
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Kosciusko granodiorite (petrographically identical with the 
contaminated granodiorite) appeared to be devoid of lineations 
until they were demonstrated by Dr. E. den Tex of the University 
of Melbourne. Thus, close scrutiny by the experienced eye may 
well detect lineations in the components of the Murrumbidgee 
bathylith. It appears that the various components of the 
bathylith made a place for themselves by prising the country 
rocks apart without greatly distorting them; intrusion to the 
present level involved a wedging action (Anderson, 1912, p.23) 
consistent with the intrusion of a dyke-like rather than a 
balloon or dome-like body. It is possible that with continued 
influx of magma the initial period of dyke intrusion may have 
been followed by dilation causing local widening of the dyke; 
this may account for the width of the Shannons Flat granodiorite 
to the west of Tharwa. Gently dipping flow arches could 
develop during such a period of dilation.
The concordancy between the dip and strike of the flow 
foliation planes in the Clear Range granodiorite and the sediments 
of the Gudganby septum as exposed at Glendale Crossing, and 
between the flow foliation of the Murrumbucka tonalite and the 
metasediments in the Cooma metamorphic complex (Browne, 1943, 
fig*3), indicate that the wedging effect of the intruding magma 
opened up pre-existing planes of weakness (either bedding, cleavage 
or faults) at these localities, but until further field data is 
available it is not possible to say to what extent small scale
concordance is characteristic of the bathylith as a whole.
Den Tex (1955) has recorded a local as well as regional conformity 
of bedding-cleavage in the country rock and the foliation of the 
Kosciusko granodiorite in the Snowy Mountain region.
The chilled contact of the Bolairo granodiorite shows that 
this magma contained about 40 per cent by volume of intratelluric 
crystals when intruded, together with many inclusions in an a 
advanced stage of assimilation. Such a high proportion of 
solid material in suspension would render the magma highly 
viscous and would enhance the development of flow structures.
The weak development of flow structures in the Tharwa adamellite 
and the Shannons Flat granodiorite presumably indicates a lower 
proportion of solid material in the magma at the time of intrusion. 
In part, this would be due to the absence of inclusions and in 
part, to the higher proportion of less refractory constituents, 
namely slightly less basic plagioclase and more potash feldspar.
The present level of erosion is believed to have been about 
2000 to 3000 meters below the surface at the time of intrusion. 
This estimate is made on the assumption that intrusion occurred 
late in the Silurian, that the Upper Ordovician deposits adjacent 
to the bathylith were not far below the base of the Silurian, and 
that the stratigraphic thickness of the Silurian deposits (about 
1500 meters) was not unduly thickened by folding.
The bathylith is an excellent example of a granitic complex
which is out of harmony with the regional metamorphic level
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V I I .  MINERALOGY.
( a ) .  The F e l d s p a r s .
( i ) .  The p l a g i o c l a s e  f e l d s p a r s .  -  The p l a g i o c l a s e s  o f  
t h e  c o n t a m i n a t e d  and u n c o n t a m i n a t e d  g r a n i t e s  can  b e s t  he 
c o n s i d e r e d  t o g e t h e r .  They a r e  r a t h e r  b a s i c  i n  c o n t r a s t  w i t h  
t h e  p l a g i o c l a s e  o f  t h e  l e u c o g r a n i t e s  w h ich  a p p ro a c h e s  a l b i t e  i n  
c o m p o s i t i o n .  C r y s t a l s  a r e  u s u a l l y  homogeneous e x c e p t  f o r  a 
na r ro w  r im  w h ich  i s  s t r o n g l y  zoned ;  t h e  b u l k  o f  t h e  c r y s t a l  i s  
a n d e s i n e  i n  c o m p o s i t i o n  b u t  i n  t h e  zoned  r im  t h e  c o m p o s i t i o n  
changes  r a p i d l y  t o  s o d i c  o l i g o c l a s e .  The a p p ro x im a te  
c o m p o s i t i o n  o f  t h e  d i f f e r e n t  p l a g i o c l a s e s ,  b a s e d  on e s t i m a t e s  
o f  t h e  r e l a t i v e  volumes  o f  t h e  homogeneous i n t e r i o r s  a n d th e  
zoned r im s  a r e :  i n  t h e  Shannons  F l a t  g r a n o d i o r i t e , An. ^ ^ , - 5
i n  t h e  c o n t a m i n a t e d  g r a n o d i o r i t e s , An. and i n  i k e
Murrumbucka t o n a l i t e ,  A n . ^ y ^ .  These  e s t i m a t e s  a r e  i n  good 
ag ree m en t  w i t h  t h e  n o r m a t iv e  c o m p o s i t i o n s .  The p l a g i o c l a s e  o f  
t h e  Tharwa a d a m e l l i t e  i s ,  u n l i k e  t h e  o t h e r s ,  s t r o n g l y  zoned and 
a s a t i s f a c t o r y  e s t i m a t e  o f  i t s  c o m p o s i t i o n  by t h e  above method 
c o u l d  n o t  be  made. I f  t h e  p r o p o r t i o n s  o f  a l k a l i  f e l d s p a r  t o  
p l a g i o c l a s e  o f  t h e  b i o t i t e  v a r i a n t  o f  t h e  norm a r e  b r o u g h t  i n t o  
ag ree m en t  w i t h  t h o s e  o f  t h e  mode,  t h e  p l a g i o c l a s e  t h e n  has  a 
c o m p o s i t i o n  o f  A n . ^  and t h e  a l k a l i  f e l d s p a r  a  c o m p o s i t i o n  o f
0 r -7SAb- 2 2 ‘
As s t a t e d  a bove ,  t h e  p l a g i o c l a s e  f e l d s p a r s  o f  t h e  l e u c o ­
g r a n i t e s  a r e  c o n s i d e r a b l y  more a l b i t i c  t h a n  t h o s e  o f  t h e  o t h e r
components of the bathylith$ the crystals are homogeneous,
about An.c to An.,~ in composition. Normative plagioclase is p 1U
slightly more albitic than is indicated by the optical properties 
of the actual plagioclase crystals.
The inhomogenuities of the plagioclases deserve additional 
comment. Normal zoning is virtually restricted to the plagio­
clase of the Tharwa adamellite and is presumably due to the usual 
cause, namely, a moderately high rate of cooling. This would be 
expected in a narrow dyke-like body such as the adamellite 
crystallising in situ. The absence of zoning in the plagioclase 
of the Westerly muscovite granite and the Yaouk granite may be 
due to slow cooling at depth followed by intrusion to the present 
level when solidification was nearly complete. This could well 
have caused the fractures in the microcline phenocrysts and other 
cataclastic effects so common in the Yaouk granite. Alternatively 
the absence of zoning may be due to the exsolution and recrystall­
isation of potassic and sodic feldspars from an originally 
homogeneous alkali feldspar.
Narrow zoned rims surrounding otherwise homogeneous crystals 
are characteristic of the plagioclase feldspars of the contaminated 
and uncontaminated granites (Plate 28) and are probably due to 
failure of the crystals to maintain equilibrium with the remaining 
liquid during the final stages of crystallisation. This could 
be due to an increase in the rate of cooling at this late stage
consequent upon intrusion to a higher and cooler level in the
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crust. It is significant that zonedrims are absent from the 
plagioclase phenocrysts in the chilled contact of the Bolairo 
granodiorite. Assuming that this chilled contact is a reliable 
indication of the state of the magma at the time of intrusion, it 
is obvious that the zoned rims, which arepresent in the holo- 
crystalline facies of the granodiorite, must have developed 
after intrusion to the present level. The low grade of regional 
metamorphism of the adjacent Ordovician sediments leaves little 
doubt as to the relatively cold environment into which the 
bathylith was intruded. The absence of zonedrims around the 
plagioclase in the coarse leucogranites could be due to their 
suggested origin by exsolution.
Of particular interest are the remnants of basic cores 
commonly seen in the plagioclase crystals of the contaminated 
granites; an excellent example isshown in Plate 23* These 
cores must almost certainly be the remnants of xenocrysts derived 
either from basic inclusions or, since they correspond in 
composition to the initial plagioclase which would separate from 
the contaminated or uncontaminated granites, by the accumulation 
of such crystals lower down in the magma chamber. The magma 
would react with these xenocrysts in exactly the same way as it 
would react with the autochthonous plagioclase crystals (Bowen, 
1928, pp.I85-I86) but the reaction may be incomplete depending on 
factors such as the size of the xenocrysts, their permeability, 
and the rate of cooling. Furthermore, the reaction may be
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brought to a premature halt by the squeezing off of the residual 
liquid. The remnants of basic cores in the plagioclase crystals 
of the Murrumbucka tonalite were probably derived from themany 
basic inclusions, but those in the contaminated granodiorites 
probably represent the initial plagioclase precipitated higher up 
in the magma chamber since inclusions carrying plagioclase as 
basic as bytownite were probably rare. .
(ii). The potash feldspars. - Microcline is the only 
potash feldspar so far observed in the components of the bathylith. 
It is usually microperthitic, the exsolution lamellae being 
particularly well developed in theleucogranites. Cross hatch 
twinning is very weakly developed in the microclines of the 
contaminated and uncontaminated granites, appearing in one part 
of the crystal and fading away in other portions. Where present, 
the twinning is very fine and imparts a shadowy extinction to the 
crystals. In contrast the cross hatch twinning is very well 
developed in the microclines of the leucogranites were whole 
crystals are coarsely twinned.
In recent years the stability relations of the potash feldspars 
have been the subject of intensive investigation and Laves (1952)? 
and Goldsmith and Laves (1954, a & b) have shown that there are 
two stable modifications of potash feldspar, monoclinic sanadine 
stable at high temperatures, and triclinic microcline stable at 
low temperatures, andthat the former tends to pass into the latter 
by an ordering process with common orthoclase as an unstable
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intermediate stage. Furthermore, microcline may show a variable 
degree of triclinicity dependent on the extent of Al-Si order- 
disorder and on the size of the twin domains (Goldsmith and 
Laves, 1954, b. fig.16). Laves (1950) states that the 
relationship between the periclineand albite twinning in 
microcline can be explained only on the assumption that the 
microcline crystallised with a monoclinic symmetry, i.e., as 
sanadine either stably above, or metastably below, the inversion 
temperature and subsequently inverted to triclinic symmetry.
A study of some of the microclines from the contaminated 
and uncontaminated granites was made on the universal stage ta 
determine the variations in the optic axial angles and the 
orientation of the optical indicatrix and so obtain some idea 
of their triclinicity. Fig. 23 shows how the normals to (010) 
and (001) vary with respect to the optic directions X, Y, Z; 
in fig. 24, 2V has been plotted against the angle Z A J_(010) 
for the same feldspars in fig. 23 (see also Harker, 1954).
Most of the crystals measured had a high degree of triclinicity 
indicated by a high extinction angle of 15° to 20° measured from 
the (010) cleavage in (001). In some crystals both the 
extinction angles and the optic axial angles are lower, suggesting 
a lower degree of ordering of Si and A1 in the structure. There 
is some suggestion that a lower degree of triclinicity is more 
common in the microclines of the Bolairo granodiorite and the 
Stewartfields adamellite. These are both small bodies which
Fig. 23« delation between normals to (010) 
and (001) and the optic directions. Open circles 
are determinations from the Stewartfields and 
Bolairo granites.
*2 VC-}
5 2 2 3
Z A  1(OIO)
*
Fig. 24. Relation between 2V and extinction 
angle ZAl(OlO). Numbers beside plots indicate 
identical determinations.
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probably cooled quickly and have suffered little post crystalline 
deformation. Inversion is probably accelerated by slow cooling 
and deformation. No measurements were made on the microclines 
of the Willoona granodiorite. Normally the two domains of a 
twinned crystal have comparable degress of triclinicity but one 
exception ?as observed, one domain having Z A X(010) = 14° 
and 2 V = 80°, and the other having Z A _L(010) = 6-g-° and 2 V = 63°» 
Satisfactory determinations of the optic orientation and the 
optic axial angle are difficult to obtain from the microclines 
of the leucogranites due to the high degree of twinning.
Measurements suggest maximum triclinicity.
(iii). The mutual relations of the feldspars. - A 
characteristic feature of the feldspars of the contaminated and 
uncontaminated granites of the bathylith is the manner in which 
plagioclase is surrounded by mantles of potash feldspar. Such 
mantles cast much doubt on the eutectic relation of these minerals 
for they are characteristic of pairs of minerals in the discontinuous 
reaction series (Bowen, 1928, p.229)» This mantling lead Bowen 
to suggest that the relation between basic plagioclase and ortho- 
clase was essentially that of Nooseboom's Type IV double series of 
solid solutions. However, later experimental work demonstrated 
that anorthite and potash feldspar have a eutectic relation to each 
other (Bowen andSchairer, 1947) and necessitated the seeking of 
some other cause for the development of mantling.
It is clear from the evidence of the chilled marginal phase
of the Bolairo granodiorite that the precipitation temperature 
of potash feldspar in this rock had not been reached when chilling 
occurred. At this stage the plagioclase being precipitated 
(about An.^ p.) would have been in equilibrium with plagioclase in 
the liquid part of the magma corresponding in composition to 
An.g. Precipitation of potash feldspar appears to have commenced 
after partial reaction between these intratelluric crystals and 
the residual liquid had taken place, when the rim of the plagio­
clase crystal was about An.lc: at this stage the plagioclase15- ^ U
in the liquid part of the magma would have had a composition of 
about A n . T h u s  precipitation of potash feldspar did not occur 
until the magma had purged itself almost completely of anorthite 
(see also Bowen and Shairer, 1947, p.87), and since at this stage 
the precipitation of plagioclase was virtually complete, the 
absolute content of albite in the liquid portion of the magma 
would be very low. Thus, the mantling of plagioclase by micro- 
cline may be explained if it is assumed that the small amount of 
albite in the magma at the precipitation temperature of potash 
feldspar entered into solid solution with the potash feldspar 
instead of completing reaction with the plagioclase, so that 
throughout the whole of the crystallisation history of tiie feldspars 
only one feldspar was being precipitated at any given time. One 
important consequence of this process is the effect that zoning in
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the early formed plagioclases will have on the final proportions 
of plagioclase to alkali feldspar. Failure of the initial
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plagioclase to react with the magma will lead to an enrichment 
of the residual liquid in albite. This residual liquid will 
consequently have a higher proportion of albite to potash 
feldspar when compared with the residual liquid of a chemically 
similar magma in which continuous reaction had occurred during 
the precipitation of the plagioclase. If this albite is 
precipitated in solid solution with the potash feldspar the rock 
will show a higher proportion of alkali feldspar to plagioclase.
It is suggested that this process accounts for the higher 
proportion of alkali feldspar to plagioclase seen in the Tharwa 
adamellite when compared with the Shannons Flat granodiorite 
which is chemically almost identical, and also for the higher 
proportion of alkali feldspar to plagioclase shown in what is 
believed to be the chilled margin of the Shannons Flat granodiorite. 
It has already been shown that in order to obtain agreement 
between the proportions of potash feldspar to plagioclase in the 
biotite variant of the Tharwa adamellite, ef tihcr norm and its 
mode, it is necessary to assume that the microcline contains 
appreciable amounts of albite in solid solution. The good 
agreement which exists in the various granodiorites between the 
proportion of potash feldspar to plagioclase in the biotite 
variants of the norms, and the modes, suggests that the microcline 
in these rocks contains relatively little albite in solid 
solution.
The crystallisation of the feldspars of the leucogranites
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must have differed very considerably from the sequence described 
above. On the basis of experimental work, Tuttle (1952) 
postulates that in granites poor in lime (such as the leuco- 
granites of this bathylith), a single alkali feldspar is 
precipitated throughout the major part of primary crystallis­
ation and that the presence of potash feldspar and albitic 
plagioclase in the same rock is due to the complete unmixing, 
below the solidus, of an originally homogeneous alkali feldspar 
with perthites as an intermediate stage.
(b). The Ferromagnesian Minerals.
(1). The biotites. - Biotites have been separated and 
analysed from the contaminated and uncontaminated granitesand the 
results are g-iven in Table 16. The very low content of biotite 
in the leucogranites and its high degree of alteration made the 
separation of sufficient material for analysis impossible.
The biotites from the contaminated granodiorites are richer in 
alumina and magnesia than those from the uncontaminated granites. 
These differences reflect some of the differences between the 
rock analyses but this is to be expected since biotite is the 
only ferromagnesian mineral present in the rocks whichare also 
virtually devoid of iron ore minerals. The biotite from the 
Murrumbucka tonalite is richer in magnesia than any of the others 
but has an alumina content comparable to that of the biotites 
from the uncontaminated granites; compared with the others this
biotite is low in titania.
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Comparison of the biotites from the uncontaminated granites 
shows that the biotite from the Tharwa adamellite is richer in 
silica and alumina than the biotite of the Shannons Flat grano- 
diorite and that this enrichment takes place at the expense of 
iron and magnesia. In the structural formula the higher silica 
of the biotite from the adamellite is reflected by the smaller 
amounts of a.luminium in tetrahedral co-ordination and as a 
consequence there is an appreciable amount of aluminium in 
octahedral co-ordination.
In the biotites from the contaminated granodiorites the 
degree of substitution of A1 for Si in the Z group is comparable 
to that seen in the biotite from the Shannons Flat granodiorite 
and there is also an appreciable amount of A1 in the Y group.
This high content of alumina appears to be characteristic of 
biotites from peraluminous rocks. The number of atoms in 
octahedral co-ordination are greater than in the biotites from 
the uncontaminated granites. The biotite from the quartz- 
biotite-feldspar inclusion has a somewhat higher magnesia content 
than the biotite from the including Callemondah granodiorite but 
apart from this it is almost identical in composition with the 
biotites from the other contaminated granodiorites. The biotite 
from the hornblendic xenolith has similar titania andmagnesia 
to the biotite from the host tonalite but is rather unusual in 
having a high ratio of ferric to ferrous iron. Despite the high
content of silica the number of atoms in tetrahedral co-ordination
TABLE 16. Analyses of ferromagnesian minerals from the Murrumbidgee bathylith
1. 2. 3. 4. 5- 6. 7. 8 . 9. 10.
Si02 35-42 37-72 36.12 36.89 n.d. n.d. 35-54 36.85 38.06 48.12
Ti02 3-53 3-03 2.65 3.57 3.53 2.79 3.20 1.66 1.94 0.66AI2O3 14.72 16.47 18.23 18.40 17.09 16.88 17.96 15.56 11.60 7-79Fe203 3-02 2.87 1.66 3.00 1.04 2.82 1.23 ' 2.90 8.53 3.46FeO 21.41 17-91 18.20 17-69 20.22 17*57 19.45 16.85 13.96 11.68
MnO 0.42 0.26 0.24 0.30 0.30 0.27 0.22 0.22 0.36 0.1S
MgO 7-97 7.16 9.57 7.88 8.85 9.45 8.92 12.57 II.9I 12.73CaO 1.21 I .58 0.29 0.05 0.22 O .25 0.57 0.17 O .96 12.30
Na20 0.23 0.35 0.13 •0.14 n.d. n.d. 0.25 n.d. 0.32 0.93K20 8.14 8.64 10.07 9.69 n.d. n.d. 8.56 n.d. 9.10 0.67H20+1-1-O^ C 4.13 3.00 2.95 3.08 n.d. n»d. 3.79 3.14 3.05 2.10j^o-lluuu 0.09 0.08 0.10 nil n.d. n.d. nil nil 0.09 nil
100.29 99.07* 100.21 100.69 99.69 100.08 IOO.59
number of metal atoms on basis (0,0h ,!1) = 24
Si 5-443 5.790 5-533 5-587 - - 5.409 - 5.835 6 • 988A1 2-557 2.210 2.467 2.413 — - 2.591 - 2.132 1.012
Al 0.109 0.769 0.823 0.871 - - 0.629 — 0.321Ti 0.408 0.350 0.305 0.406 - - 0.366 - 0.254 0.072
0.349 0.331 0.191 0.342 - - 0.141 - 0.984 0.378Fe** 2.751 2.298 2.331 2.240 - - 2.475 - 1.789 1.418Mg 1.824 1.637 2.184 1.778 - - 2.022 - 2.720 2.754Mn 0.055 0.034 0.031 0.039 - - 0.028 - 0.047 0.018
Ca 0.199 0.260 0.048 0.008 - - 0.092 - O.I58 1.913Na 0.069 0ol04 0.039 0.041 - - 0.074 - O.O95 0.262K 1.595 1.691 1.967 1.872 - - 1.661 - 1.772 0.124
OH 4.232 3.071 3.013 3.110 - - 3.846 - 3.118 2.033
X 1.863 2.055 2.054 1.921 - - 1.827 — 2.025 2.299Y 5.496 5.419 5.865 5.676 - - 5.661 - 5.794 4.96}Z 8.000 8.000 8.000 8.000 - - 8.000 - 7.967 8.000
Optical properties •
a
ß 1.642 1.638 1.638 1.637 1.638 1.640 1.637 1.628 1.637
—
Y 1.642 1.638 1.638 1.637 1.638 1.640 1.637 1.628 1.637 1.665
a Pale Pale Pale Pale Pale Pale Pale Pale Pale Pale
Yellow Yellow Yellow Yellow Yellow Yellow Yellow Yellow Yellow Brown
ß Dark Dark Dark Dark Dark Dark Dark Dark Dark Green
Brown Brown Reddish Reddish Reddish Reddish Reddish Reddish Reddish
Brown Brown Brown Brown Brown Brown Brown
Y Dark Dark Dark Dark Dark Dark Dark Dark Dark Green
Brown Brown Reddish Reddish Reddish Reddish Reddish Reddish Reddish
Brown Brown Brown Brown Brown Brown Brown
1. Analysis of biotite from the Shannons Plat 
granodiorite. Por analysis of parent rock see 
Table 3? No. 1. Anal. N.J.Snelling.
2. Biotite from the Tharwa adamellite. For 
analysis of parent rock see Table 3, No. 6.
Anal. N.J.Snelling.
3« Biotite from the Clear Range granodiorite.
Por analysis of parent rock see Table 5, No. 1. 
Anal. N.J.Snelling.
4. Biotite from the Callemondah granodiorite.
For analysis of parent rock see Table 5, No. 3. 
Anal. N.J.Snelling.
5* Partial analysis of biotite from the Willoona 
granodiorite. Por analysis of parent rock see 
Table 5, No. 6 . Anal. N.J.Snelling.
6. Partial analysis of biotite from Bolairo 
granodiorite. For analysis of parent rock see 
Table 5, No. 7. Anal. N.J.Snelling.
7* Analysis of biotite from quartz-feldspar- 
biotite xenolith from the Callemondah granodiorite. 
Por analysis of parent rock see Table 15, No. 1. 
Anal. N.J.Snelling.
8 . Partial analysis of biotite from the 
Murrumbucka tonalite. Por analysis of parent 
rock see Table 7, No. 1. Anal. N.J.Snelling.
9* Analysis of biotite from quartz-plagioclase 
hornblende-biotite xenolith in the Murrumbucka 
tonalite. Por analysis of parent rock see Table 14 
No. 1. Anal. N.J.Snelling.
10. Analysis of hornblende from the same xenolith 
as biotite No. 9»
* A repeat of the main fusion brought about as 
improvement in the summation of this analysis. 
Because the alkalis were determined by a flame 
photometer, Lithium is not included in the summatioi
and this, together with the non—determination of 
Fluorine, may account for the low summation.
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are less than 8 required hy the ideal formula and there is 
consequently no aluminium in octahedral co-ordination.
The composition of the biotites in terms of total iron, 
magnesia, and alumina, and their relation to the biotites of the 
Caledonian plutonic rocks (Nockolds, 1948) and the Dartmoor 
granites (Brammall and Harwood, 1932) are shown in fig.25- 
The biotite from the Shannons Flat granodiorite compares favourably 
in composition with the biotites from the more acid members of 
the Caledonian plutonic series.
The molecular norm provides a convenient method of 
calculating a mineral analysis in terms of theoretical end 
members; such calculations in the present case show that ideal 
biotite - K(MgFe)^(AlSi^010)(OH)^ - only constitutes about
60 to 70 per cent of the mineral analysis. The remainder 
consists of normative corundum, magnetite, ilmenite, nephilene 
and anorthite. This factor must be borne in mind when comparing 
the biotite variant of a rock analysis with the modal analysis (p.25)
(ii). Hornblende. - Hornblende is characteristically 
absent from the components of the Murrumbidgee bathylith but 
actino'lite occurs in some of the xenoliths in the contaminated 
granodiorites and green hornblende is an important constituent of 
the xenoliths in the Murrumbucka tonalite. Hornblende occurs to 
a limited extent in the tonalite itself but is probably xeno- 
crystic. Although the modes of the Murrumbucka xenoliths show 
a considerable variation, the optical properties of the
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hornblende are virtually constant. The pleochroism is a = pale 
hrown, ß = green and Y = olive green; the optic axial angle is 
always between 60° and 70° and the extinction angle Z A C between 
15° and 18°. The composition of this hornblende is given in 
Table 16. The analysis conforms to the structural formula of 
the calcareous amphiboles; the main proportion of the A1 
replacing Si in the Z group. The X group is above 2 but the 
excess negative charge resulting from the substitution of Si 
by Al in the Z group is mainly satisfied by the presence of 
Fe /Al in octahedral co-ordination (compare Deer, 1938, p.69 
and Nockolds, 1948, p*559)» The relatively high silica and low 
alumina of this hornblende suggests correlation with the hornblendes 
of Nockold’s group III (Nockolds, 1948, P»55ö)« These hornblendes 
are believed to have been derived from pre-existing pyroxene and 
primary amphibole and there is much to suggest that the hornblende 
from the Murrumbucka xenoliths is of similar origin.
(c) The sequence of crystallisation.
It is apparent from the chilled contact of the Bolairo grano- 
diorite that the precipitation of plagioclase, biotite, and quartz 
preceded the precipitation of potash feldspar. The occurrence of 
euhedral phenocrysts of plagioclase, biotite, and quartz in a 
groundmass of micrographic quartz and potash feldspar in the 
chilled phases of the Tharwa adamellite suggests a similar sequence 
of precipitation. Although the Shannons Hat granodiorite contains 
phenocrysts of microcline, this mineral includes and moulds round
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quartz, biotite, and plagioclase with margins as acid as An. 
suggesting that the microcline phenocrysts were of late formation; 
there is no suggestion that they originated hy replacement of 
other minerals. Comparison of the modes of the holocrystalline 
and hypocrystalline phases of the Bolairo granodiorite show that 
a high proportion of the biotite and plagioclase occur as pheno­
crysts but that much of the quartz was still in a liquid state 
at the time of chilling, suggesting that the precipitation of 
plagioclase and biotite preceded ihe precipitation of quartz.
A similar relation exists in the chilled phases of the Tharwa 
adamellite though quantitative modal data are not available.
Thus, in the contaminated and uncontaminated granites the sequence 
of crystallisation appears to be plagioclase and biotite, 
followed by quartz and last of all, potash feldspar. There is 
no evidence to show whether plagioclase preceded biotite or vice 
versa, or whether hypersthene was precipitated and, with falling 
temperature, reacted with the magma to form biotite with the 
subsequent precipitation of biotite in accordance with Bowen's 
Reaction Principle. It is not possible to decide the sequence of 
crystallisation of the potassic leucogranites.
IIII. PETROGENESIS.
(a). The relations of the components of the bathylith.
Although the bathylith is a composite body it has been shown 
that the uncontaminated and contaminated granites which outcrop 
over 90 Per cent of the area possess so many chemical, mineralogical
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and textural characters in common that there can he little doubt 
that they are closely related. Chemically these granites are 
saturated or slightly oversaturated with respect to alumina (the 
undersaturation of the Shannons Flat granodiorite is believed to 
be of secondary origin), have potash in excess of soda in terms 
of weight per cent and very slightly in excess in terms of atomic 
proportions, and have a lime content which shows little variation 
from an average of 2*5 per cent. The only exception is the 
Murrumbucka tonalite with an average content of lime of 4.8 per 
cent. They are composed of quartz, andesine, microcline and 
biotite; hornblende is absent apart from occasional grains in the 
Murrumbucka tonalite which may be xenocrysts. The fabric is 
glommerogranular with subhedral to euhedral plagioclase mantled 
by microcline. Compared with the uncontaminated granites the 
contaminated granites are more basic, being richer in iron, 
magnesia (with a higher proportion of magnesia to iron), titania, 
and alumina and lower in silica, soda and potash; the ratio of 
potash to soda is about the same. Mineral^ogically these 
differences are reflected in the higher modal content of biotite 
which is also richer in magnesia and alumina, by the more basic 
nature of the plagioclase, and by the higher proportion of 
plagioclase to microcline.
The leucogranites of the bathylith occupy a relatively small 
proportion of its area (about 10 per cent) and differ considerably 
in general appearance, mineralogy and chemistry from the
73
contaminated, and uncontaminated granites. Even among themselves 
the leucogranites show considerable textural variation though 
chemically and mineralogically they are similar. The close 
association in space suggests that the leucogranites are related 
in some way to the other components of the bathylith but the 
uncertainties of the absolute age of the leucogranites renders 
any discussion of the mutual relations somewhat speculative.
(b). Assimilation; processes and effects.
The incorporation and assimilation of pre-existing rocks 
has played a significant part in the development of many 
components of the bathylith, both sedimentary and basic igneous 
rocks having been assimilated. The effects of the assimilation 
of basic igneous rocks on granitic rocks have been studied from 
many calc-alkaline complexes but adequately described instances 
of the assimilation of dominantly pelitic sediments are less 
common. The most thorough study of such assimilation is that 
by Brammall and Harwood who investigated the Dartmoor granites of 
south west England. As may be predicted from the reaction 
principle (Bowen,. 1928), they found that one fraction of the 
shale composed essentially of feldspar substance, silica and 
sericitic mica is liable to become fluid and to augment the 
volume of the magma, whilst the products of thermal metamorphism - 
biotite, andalusite and cordierite - are stable in,or react with 
the magma and are made over into more biotite. Thus the 
contamination of magma by shales has some of the features of a
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basification process but at the same time the magma retains a 
high content of alkalies. Differentiation of such a contaminated 
magma gives rise to potassicleucogranites and a basified facies 
of the initial magma.
A similar process seems adequate to account for the 
variations seen among the different components of the Murrumbidgee 
bathylith. It is suggested that the Shannons Plat granodiorite 
is akin to the parent magma and that contamination of this parent 
magma with psammopelitic and pelitic sediments followed by 
differentiation, at depth, has resulted in the development of the 
basified contaminated granodiorites and the potassic leucogranites. 
It is not suggested that all the leucogranites were derived from 
the contaminated magma. For inclusions to become part of the 
liquid fraction of a magma they "must consist of a later member 
of the reaction series, that is, must be material towards which 
the liquid could pass spontaneously by fractional crystallisation" 
(Bowen, 1928, p.22l).
(i). The assimilation of pelitic and psammopelitic xenoliths. 
It has been suggested above that the majority of the xenoliths in 
the contaminated granodiorites were of pelitic or psammopelitic 
origin and it seems reasonable to assume that the original 
sediments were lithologically and chemically similar to the wide­
spread Ordovician sediments of Eastern Australia. Although no 
specific study of the unmetamorphosed sediments has been made, 
their nature and chemistry is well known as the result of the
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investigations of their metamorphic equivalents (Tattam, 1929> 
Joplin,1942 and 1947? and Vallance, 1953)« Vallance estimated 
that about 60 per cent of these sediments consists of subgreywackes 
(psammopelites) and the remainder of quartzites, black argillaceous 
shales (psammites and pelites), and minor amounts of tuff (Joplin, 
1942) and radiolarites (Opik, 1954)* The chemical composition 
of the psammopelites and pelites shows little variation; three 
examples of analyses of psammopelites and a typical analysis of a 
pelite are given in Table 17, together with the mica-aridalusite 
variants of the molecular norms. Cordierite is usually present in 
the psammopelites and pelites of appropriate metamorphic grade.
A cordierite variant of the molecular norm could be calculated 
using the formula (Niggli, 1954):-
l6Bi + 24And + 7Q = 33Cord + 14 Ms 
It would be necessary to bear in mind the magnesian rich nature of 
most cordierites from metamorphosed pelites when calculating such 
a variant. The behaviour of these sediments when incorporated in 
a magma akin to the Shannons Flat granoriorite would depend on the 
phases in equilibrium with the magma at the time of incorporation. 
It can be seen in the chilled margin of the Bolairo granodiorite 
that the magma and most of the xenoliths were already composed of 
like phases (quartz, andesine, andbiotite) by the time the magma 
was 40 per cent crystalline, suggesting that incorporation occurred 
very early in the crystallisation history of theparent magma.
For the purpose of this discussion it will be assumed that biotite
TABLE 17» Typical examples of the composition of the Ordovician
sediments of
1.
New South
2 .
Wales.
3. 4.
Si02 68.17 74.59 73.64 56.40
Ti02 0 . 8 8 0.63 0.63 0.57
Al2° 3 16.76 12.71 13.89 23.25
Fe203 2.34 0 . 6 1 0 . 7 0 1 . 3 0
FeO 2.51 4.21 4.04 5 . 2 2
MnO 0 . 0 5 0.03 0.06 0 . 0 1
MgO 2 . 0 6 O . 7 8 1 . 9 8 3.24
CaO 0 . 2 8 O . 6 7 0 . 2 8 0.63
Na20 O . 7 6 1.31 1 . 1 2 0 . 6 1
K20 3.08 3.29 2 . 8 8 5 . 6 5H2 0+1 1 0°C 2.59 1.29 0.42 2.77
H20“ 11<jOi: 0.38 0.17 0 . 0 7 0.30
99.86 100.29 99.71 99.95
Andalusite-mica variants of the molecular norms.
Q. 46.22 5O.O6 50.48 24.51
Ab. 7.70 1 2 . 2 5 1 0 . 5 0 5 . 8 0
An. 1 . 5 0 3 . 8 0 1.45 3 . 2 0
Mg.Bi. 8 . 2 1 3 . 1 2 7.60 1 2 . 6 6
Fe.Bi. 1.57 7.84 6 . 9 8 8 . 6 6
Ms. 1 8 . 8 0 17.29 12.46 3 0 , 8 7
And. 1 2 . 2 1 2.40 8 . 9 1 11.99
11. 1.30 0.94 0.92 O . 9 2
Mt. 2.49 0 . 7 0 0.69 1.39
1. Fine-grained psammopelite (Vallance, 1953? I« Table 1,
No. 1.).
2. Quartz-rich granulite (Vallance, 1953? 1« Table 1, No. 3)* 
3« Corduroy granulite (Joplin, 1942, Table 5? No. IV).
4. Knotted andalusite-schist (Joplin, 1942, Table 3? No. IV).
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and basic labradorite were being precipitated at the time of
incorporation. In accordance with the Reaction Principle,
orthocla,se derived from thebreakdown of muscovite, albite, and
quartz of the pelitic and psammopelitic xenoliths, would augment
the liquid part of the magma, the latent heat of fusion being
provided by the precipitation of the heat equivalent of phases
(plagioclase and biotite) with which the magma is saturated.
The biotite of the xenoliths would, for all intents and purposes.
be in equilibrium with the magma but andalusite and cordierite
would commence to react with the precipitation of plagioclase
and biotite. The solution of the constituents lower in the
reaction series than those being precipitated at the time of
incorporation will continue until the magma becomes saturated
with respect to any of these constituents; at this stage,
solution of this particular phase will cease and precipitation
commence. Thus the magma appears to have become saturated with
quartz after the solution of most of the original quartz from
bu-t
the pelitic and psammopelitic xenoliths^before the complete 
dissolution of the psammitic xenoliths. Once the quartz 
saturation point is reached, reaction between the magma and 
xenoliths will result in the precipitation of quartz as well as 
biotiteand plagioclase until ultimately the xenoliths consist 
entirely of quartz, plagioclase and biotite. The solution of
original quartz followed by the precipitation of magmatic quartz 
together with plagioclase and biotite, may perhaps explain the
1poikilitic fabric so characteristic of the xenoliths. The 
presence of quartz free micaceous xenoliths containing muscovite 
as well as biotite suggests that locally contamination was high, 
resulting in the exhaustion of the liquid part of the magma 
before complete equilibrium could be obtained (Bowen, 1928, p.216). 
The preservation of andalusite, sillimanite*, cordierite, and 
their desilicated equivalents recorded by Joplin (1947) and 
Stevens (1952) from rock types petrographically similar to the 
contaminated granodiorites, can be attributed to the same cause.
Reaction between the magma, and andalusite and cordierite 
of the xenoliths, has resulted in the precipitation of abundant 
biotite which is more aluminous and richer in magnesia than the 
biotites of the uncontaminated granites.
(ii). The assimilation of the calcareous xenoliths. - The 
actinolite xenoliths were probably composed in the main of 
phases earlier in the reaction series than those in equilibrium 
with the magma at the time of incorporation (actinolite and basic 
plagioclase) and of phases in equilibrium with the magma (biotite), 
together with some quartz. The amphibole and basic plagioclase 
would both react with the magma and be made over to less basic 
plagioclase and biotite. Quartz would initially go into solution 
with the concomitant precipitation of plagioclase and biotite 
♦Sharpe ( iqq-q ) records the presence of sillimanite in a xenolith 
from the Clear Range granodiorite.
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but would "be reprecipitated later when the magma becomesaturated 
with quartz. Thus the actinolite xenoliths would in the end he 
composed of quartz, biotite, and plagioclase, as can he seen in 
the reaction rim described above (p.55). By calculating, from
the mode, the composition and specific gravity of the reaction 
rim, some estimate can be obtained of the gains and losses 
experienced by the magma as the result of assimilation. The 
results, given in Table 18, show that the magma loses alumina, 
iron, soda and potash, and gains silica, magnesia and lime. The 
calcareous xenoliths are acidified and the magma, to some extent, 
basified; the process is essentially that of reciprocal reaction. 
It seems unlikely that the basification of the magma due to the 
assimilation of calcareous xenoliths is of much significance in 
the evolution of the contaminated granodiorites. First, 
calcareous rocks are poorly represented among the Ordovician and 
pre-Ordovician sediments from which the assimilated rocks are 
believed to have been derived; secondly, the assimilation of 
appreciable amounts of calcareous rocks would almost certainly be 
apparent from the lime content of the contaminated granodiorites. 
Thus, the Murrumbucka tonalite which has assimilated lime rich 
basic igneous rock, shows a correspondingly high lime content, 
but the lime content of the contaminated granodiorites is comparable 
with that of the postulated parent magma.
Petrographic experience suggests that calcareous rocks are 
more resistant to the processes of assimilation in granitic magmas
TABLE 18 Gains and losses in conversion of an actinolite 
xenolith of composition given in Table 15, No.2, 
to a quartz-feldspar-biotite reaction rim of 
composition given in Table 15? No.4, in gms. 
per 100 cc.
Xenolith Xenolith
Si02
* gains losses
19.4
Ti02 1.4 -
Al2°3 8.9 "•5
Fe2°3 - 1-5
FeO 6.8 -
MgO - 5-5
CaO - 5.1
Na20 5.8 -
k 2° 2.6 -
h2° - 3.3
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than pelitic and psammopelitic sediments since relics of 
calcareous rocks occur as xenoliths when pelites and psammopelites 
have been completely assimilated (as in the present case). One 
possible reason for this is that pelites and psammopelitic 
xenoliths contain a high proportion of minerals which would go 
into solution, thus facilitating the disintegration of the 
xenolith, whereas such minerals are much less common in calcareous 
xenoliths and the breakup of the xenoliths would depend largely on 
mechanical strains resulting from differential expansion of the 
constituent minerals.
(iii). Differentiation of the contaminated parent magma*. - 
With a few exceptions the xenoliths are composed of phases in 
equilibrium with the magma. Their fabric indicates considerable 
reconstitution whilst their composition approaches that of their 
host rock. In these cases assimilation is virtually complete 
and there should be good agreement between the material which must 
be added to the postulated parent magma to give the contaminated 
granodiorites and the average composition of the Ordovician 
sediments which are believed to have been assimilated and which, 
according to Vallance (1953» p.213) approximate to the composition 
of the psammopelites. The composition of the material which 
must be added to the Shannons Flat granodiorite to give the 
average composition of the contaminated granodiorites, together 
with the amounts to be added per hundred parts by weight of
* See appendix 1.
TABLE 1 9 . C o m p o s it io n  o f  m a t e r i a l  to  be added  to  t h e  a v e ra g e  o f  
t h e  Shannons F l a t  g r a n o d i o r i t e  t o  g iv e  t h e  a v e ra g e  
o f  th e  c o n ta m in a te d  g r a n o d i o r i t e s .
1 . 2 .
SiC>2 5 4 .6 5 8 .3
TiC>2 1 .6 1*3
A I2O3 18 .8 17*6
F e 20ß 1 .6 1 .4
FeO 9 -9 8 . 2
MgO 6 . 1 5 .1
CaO 2 .2 2 .3
N a20 n i l 0 .6
k 2o 1 .7 2 .2
h2o ( 3 . 1 ) ( 2 .5 )
P2O5 0 .4 0 .5
M o le c u la r  norms f o r  2 .
a ) .  K atanorm . b ) .  C o r d i e r i t e -
a n d a l u s i t e - b i o t i t e  v a r i a n t
Q. 2 9 .4 4 2 8 .6 4
Or. 1 3 .4 5 —
B i o t . — 2 1 .52
Ab. 5 .8 5 5.85
An. 8 . 1 0 8 . 1 0
And. — 6 . 0 0
c . 13 .16 —
Cord. — 25-29
En. 1 4 .88 —
F s . 1 0 .4 2 —
1 1 . 1 .88 1 .8 8
Mt. 1-57 1-57
Ap. 1-25 I . 25
1 . Minimum amount o f  m a t e r i a l  needed  - 27 p a r t s  by w e ig h t
p e r 100 p a r t s  o f  Shannons F l a t  g r a n o d i o r i t e .
2 . Amount o f  m a t e r i a l need ed  assum ing  a s m a l l  p o s i t i v e  v a lu e
f o r soda  -  33»3 p a r t s by w e ig h t  p e r  100 p a r t s  o f  Shannons
F l a t  g r a n o d i o r i t e .
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parent magma, are given in Table 19» The added material 
cannot be equated with the average composition of the Ordovician 
sediments nor with the material which would be dissolved out of 
the sediments during assimilation. However, it is comparable 
to the material which would be left after the sweating out of 
alkali feldspars and silica from pelitic and psammopelitic 
xenoliths (biotite, cordierite and andalusite) mixed with the 
early precipitated phases from the magma (biotite and basic 
labradorite). Clearly the contaminated granodiorites could 
not be derived from the Shannons Plat granodiorite magma unless 
some differential movement occurred between early formed crystals 
and the residual liquid. Such movement could result from the 
draining off or squeezing out of the residual liquid from a 
crystal mush, or from the settling of the early formed crystals 
and their enrichment in the lower portions of the magma chamber. 
Evidence favouring crystal settling and enrichment towards the 
base of the magma chamber is provided by the pronounced tendency 
towards euhedralism shown by the biotites and piagioclases of 
the contaminated granodiorites, the occurrence of residual basic 
cores in the plagioclase crystals, and the abundance of inclusions 
which could be expected to sink due to their high specific gravities 
(Joplin, 1942).
(iv). The significance of the Stewartfields adamellite. - 
Although highly contaminated and rich in biotite, the Stewartfields 
adamellite is richer in potash and soda than the contaminated
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granodiorites of the bathylith. Compared with the uncontaminated 
granites it is richer in iron and magnesia but has a comparable 
alkali content. It is possible that this rock represents the 
contaminated magma before differentiation occurred to give 
contaminated granodiorites and potassic leucogranites. Specimens 
collected from Mt. Gingera and Bendora trig, have a similar 
modes to the Stewartfields adamellite and it seems possible that 
the undifferentiated contaminated magma may have been intruded at 
a number of places along what is now the Cotter-Goodradigbee 
divide. However, before basing any conclusions on modes alone, 
the effects of zoning in the plagioclases on the proportion of 
alkali feldspar to plagioclase must be home in mind. It 
appears that the contaminated granites to the west of the 
bathylith would be worth further investigations.
(v). Genesis of the Murrumbucka tonalite. - The 
Murrumbucka tonalite is the only component of the bathylith 
containing xenoliths derived from basic igneous rock. Although 
the chemical and mineralogical compositions of the assimilated 
rock are not known with any certainty, it is likely that it was 
composed of basic plagioclase, a moderately aluminous hornblende, 
and possibly some pyroxene. All these minerals would react with 
the parent magma with the precipitation of phases stable in the 
magmatic environment. Although the plagioclase may well have
been in equilibrium with the magma at the time of incorporation 
it would react on cooling in accordance with the continuous
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reaction series. The magma would contribute soda and silica 
whilst like and alumina would he taken from the xenolith. The 
calcareous ferromagnesian minerals would react oh cooling in 
accordance with the discontinuous reaction series, the lime 
combining with any available alumina from the magma to form 
anorthite, and the ferromagnesian constituent combining with 
potash and alumina of the magma to form biotite. The extent to 
which this reaction will occur will depend on the availability 
of alumina and potash and any excess lime will presumably 
crystallise as an alumina poor hornblende. The reaction may be 
represented by the following simplified equation which assumes 
an insufficiency of alumina.
4Ca2Na(Mg.Fe)4Al3Si6C»22(0H)2 + 2KAlSi308 + 12SiC>2 =
Aluminous hornblende Orthoclase Quartz
CaAlpSipOo
4 HaAlSi308 + K2(Fe.Mg)6(Al2Si6020)(0H)4 
Labradorite Biotite
+ 2Ca2(Mg.Fe)5Sig022(0H)2 
Alumina poor hornblende
In the Murrumbucka tonalite all thepotash has gone to form 
biotite and the host tonalite is just saturated or perhaps 
slightly undersaturated with respect to alumina; thus an 
alumina poor hornblende would be stable in such an environment.
It is obvious from the abundance of hornblendic xenoliths 
in the tonalite that a considerable amount of basic igneous rock
was incorporated; inplaces the tonalite and xenoliths have the
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appearance of an intrusion breccia.
In hornblende granodiorites and granites, the stability of 
hornblende is limited only by the insufficiency of alumina; 
potash is normally available in the associated potash feldspar.
In the contaminated granodiorites of the bathylith, actinolite 
is probably unstable for not only is there potash available in 
the form of microcline but the rock also contains appreciable 
quantities of available alumina as is indicated by the high 
normative corundum. This alumina was probably derived to a 
great extent from assimilatedpelites and psammopelites.
(vi). Genesis of the leucogranites. - Although the field
evidence indicates that the leucogranites are later than the 
other components of the bathylith there is no evidence of their 
actual age. They may have no connection with the other 
components at all, though their close association in space 
suggests that some relationship does exist. Some indication of 
this relationship was given earlier when it was suggested that 
the leucogranites were the final liquid resulting from the 
differentiation of the contaminated and uncontaminated granites. 
It is known that assimilation could not alter the trend in 
composition of the residual liquids, though assimilation of 
appreciable quantities of material higher in the reaction series 
than the minerals crystallising from the magma, would reduce the 
amount of residual liquid (Bowen, 1928). Experimental work 
(Bowen, 1954) has shown that there is a composition towards which
SIO.
Si02 60
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Fig. 26. Equilibrium crystallisation 
diagram for mixtures of albite, orthoclase and 
quartz, showing position of boundary curve 
between the fi® Ids of quartz and feldspar at 
various pressures of water vapour indicated in 
atmospheres on each curve. The crossbar on 
each curve indicates the position of minimum 
temperature for that curve. The closed contour 
represents tha area of densest distribution of 
naturally occurring granites.
1 = Yaouk leucogranite, Table 11, No. 1.
2 = Bunyan leucogranite, Table 11, No. 3.
3 = Westerly muscovite leucogranite,
Table 11, No. 2.
4 = Granite porphyry, Table 12, No. 1.
5 = Microgranite, Table 12, No. 2.
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a liquid should migrate as the result of fractional crystall­
isation of any material containing all the rock forming oxides, 
the final liquid being composed of approximately equal amounts 
of quartz alhite and orthoclase. If the leucogranites have 
originated as the result of differentiation then their composition 
in terms of quartz, alhite and orthoclase should he near to the 
experimentally determined composition for minimum temperature 
in this system, particularly as more than JO per cent of the 
constituents of the analysed leucogranites are made up of these 
components. This is found to he so; in fig. 26 it is seen 
that all the analyses plot close to the minimum point for low 
pressure of water vapour in the system orthoclase-alhite-quartz. 
The nearness of the plots to the minimum temperatures for water 
vapour pressures of 5^0 to 1000 atmospheres suggests a depth 
of solidification of 2000 to 4000 meters as compared with an 
estimated thickness of cover derived from geological consider­
ations of 2000 to 3 OOO meters. Acceptance of the view that the 
leucogranites crystallised from the residual liquids resulting 
from differentiation also allows an estimate of the temperature 
at which crystallisation was complete to he made; it was 
prohahly in the range of 700° to 750° centigrade.
IX. GRANITES OP THE TASMAN GEOSYNCLINE.
Large bodies of granitic and granodioritic rocks have for
long been divided into two classes on the basis of the mutual 
association of particular structural and metamorphic features
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(Turner and Verhoogen, 1951» p.276). Such a classification has 
been applied to the bathyliths of Australia by Browne (1931) who, 
following Billings (1928), distinguished between synchronous and 
subsequent bathyliths. Synchronous bathyliths are those 
injected during the first or compressive phase of the mruntain 
building movement and the subsequent bathyliths during the second 
or tensional phase. The characters of these two types of 
bathylith were listed by Browne and have been accepted, with few 
modifications, by Turner and Verhoogen. As far as was possible, 
Browne grouped the granites of the Tasman Geosyncline into one or 
the other of these two classes and this grouping was later 
extended by Joplin (194s). The Benambran granites are generally 
classed as synchronous bathyliths and the Taberaberan and 
Kanimblan granites (Upper Palaeozoic) as subsequent bathyliths.
On the information then available, Browne suggested that the 
Murrumbidgee bathylith was of the synchronous type but lacking 
some of the diagnostic characters of the true synchronous 
bathylith. This view was shared by Joplin who suggested that 
the Murrumbidgee bathylith and other similar Bowning granites be 
termed quasi-synchronous bathyliths. Other workers, particularly 
those of the French schools, had also found a two fold classification 
of granites at times impracticable and had erected various sub­
classes (Read, 1949? 144). Read suggested that if time is 
considered as well as form and contact-phenomena, the duality of
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granite occurrences disappears and that in reality there exists 
a Granite Series (Read, 1949 and »q5"l ). It is the writer's 
view that Read has attempted to encompass too much in the concept 
of a Granite Series and in so doing has obscured an important 
geological phenomena) clearly recognised by Browne. This is the 
common association in subsequent bathyliths of dioritic and 
gabbroic rocks with granodiorites and granites, and the calc- 
alkaline character of the rocks of subsequent bathyliths.
Bearing this in mind, the writer suggests that the granites of 
the Tasman Geosyncline be grouped into two broad classes, as 
follows:
Class I: A Lower Palaeozoic granite series. - A review
of the literature shows that granites considered to be, or 
likened to, Benambran granites show a considerable variation in 
their contact phenomena. At Cooma, lit-par-lit injection is 
characteristic of the border zone of the Cooma gneiss, whilst 
alkali metasomatism causing feldspathisation of the adjacent 
meta-sediments has been unimportant (Joplin, 1942). At Albury, 
and in the igneous-metamorphic complex of north east Victoria, 
feldspathisation is a common phenomena but lit-par-lit injection 
is not so common (T'attam, 1929? and Joplin, 1952)» In these 
regions metamorphism is related to the granites but the meta- 
morphic zones have a broad development. Around the Wantabadgery
Green Hills granites, tentatively correlated with, the Cooma gneiss 
by Vallance (1953)? there is little lit-par-lit injection.and
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the metamorphic zones are far less extensive in relation to the 
size of the mass than at Cooma, Albury or in North-east Victoria; 
potash metasomatism, however, has locally played quite an 
important role. In Head's nomenclature these Benambran granites 
would be parautochthonous granites showing variable marginal 
relations, in some places migmatitic, and in others characterised 
by an aureole of thermal type. Opik has shown that the Benambran 
Orogeny occurred during the Lower Silurian in theCanberra district 
and a Lower Silurian age for this orogeny is also postulated by 
Hills (1953). It is generally assumed that the Benambran 
granites were intruded immediately after folding so thatthey may 
also be Lower Silurian in age. The Silurian period was one of 
intense volcanic activity in New South Wales (David, 1950) p.213) 
and was brought to a close by the Bowning Orogeny and the 
associated emplacement of large masses of granodiorites and 
granites (such as the Murrumbidgee bathylith), some of these 
granitic bodies having undergone a period of assimilation and 
crystallisation prior to intrusion to their present level in the 
crust. Thus, there is nothing to suggest that igneous activity 
ceased immediately after the Benambran Orogeny and was renewed 
during the Bowning Orogeny; rather, there is every indication 
that activity was continuous throughout the Silurian Period. 
Obviously a body of magma, intruded immediately after the Benambran 
Orogeny and possessing the characters of a parautochthonous granite 
could, as the result of stresses operating during the Bowning
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Orogeny, be squeezed out of its migmatitic-metamorphic setting 
and emplaced at a higher level in the crust as a true intrusive 
granite (Read, 1953j p.2l). A variety of intermediate types are 
also possible for (a) the degree of mobilisation with the onset 
of the Bowning Orogeny will depend on the extent of solidification 
achieved by any given magma body , (b) there seems to be no 
reason why a magma emplaced after the Benambran Orogeny should 
not slowly move into higher levels of the crust during the 
Silurian even though crystallisation may have rendered it immobile 
before the Bowning Orogeny, and (c) magma may continue to be 
generated at depth throughout the Silurian Period, any fresh 
magma tapped during the Bowning Orogeny being thus able to by-pass 
completely the parautochthonous stage of evolution.
Browne has attempted to differentiate between Benambran 
and Bowning granites on the basis of their petrography; the 
former being two mica potassic granites and the latter biotite 
granodiorites (David, 1950? pp.172 and 216). Detailed examination 
of the Bowning granites such as the Murrumbidgee bathylith and 
the Wyangala bathylith (Stevens, 1955) has shown that two mica 
potassic granites are components of both and, although they differ 
with regard to their contact-phenomena from the Benambran granites 
this cannot be taken as a diagnostic feature of their age.
Joplin (1947) has described contaminated granodiorites (the 
Woomargama gneiss) from the Albury "Benambran complex" similar in 
all respects to the contaminated granodiorites of the Murrumbidgee
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bathylith. Some of the analyses and. descriptions given by 
Vallance of the granites of the "Wantabadgery-Green Hills type" 
are also similar to the contaminated granodiorites of the 
Murrumbidgee bathylith though Vallance tentatively suggests a 
Lower or Middle Silurian age for the granites of this type 
(Vallance, 1953? pp.212-213)» Obviously great caution must 
be exercised in making age correlations on the ground of 
petrographic similarity.
The writer believes that the Lower Palaeozoic granites of 
eastern New South Wales and north-eastern Victoria are comparable 
to the synkinematic granites of Raguin (1946, 118) and possess a 
unity of character best explained in terms of a granite series. 
Great care should be exercised in any attempt to date an 
individual granite mass and to relate it to a particular period 
of deformation. One normally dates only the final act of 
consolidation of granites and such dates may be of little value 
for correlation purposes (Read, 1949? p.148). This aspect has 
been considered by von Eckermann (1936, p»336) who wrote: "the
age of a granite is a relative conception associated with a 
comparitively shallow erosion section of the earth-crust. We 
have no guarantee as to which of two magmas - the one intruding 
the other - is really the younger one. The invaded magma may 
have reached the level at which it is uncovered today later than 
the invading one, which may nevertheless have been differentiated
at an earlier date One and the same magma may even have been
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split into two or more separate magma portions displaced 
laterally and each working its own way at different accelerations 
to higher levels". Von Eckermann considers that magmas which 
appear to belong to different orogenic periods may actually be 
genetically contemporaneous.
Class II: An Upper Palaeozoic calc-alkaline series. -
During the Upper Palaeozoic, the Tasman Geosyncline was affected 
by three periods of diastrophism, the faberabberan Orogeny at 
the close of the Middle Devonian, the Kanimblan Orogeny at the 
close of the Lower Carboniferous, and the Hunter Bowen Orogeny at 
the close of the Permian. The igneous rocks intruded in 
association with these orogenies have the characters of the 
subsequent bathyliths of Browne. Petrologically, therock types 
range from gabbros to granites with hornblende granodiorites 
predominating. In form they tend to be discordant whilst the 
members of the Lower Palaeozoic granite series are generally 
concordant. They have all the characters of calc-alkaline 
rocks (Tyrrell, 1929)? whilst the Lower Palaeozoic granites can 
be classed neither as alkalic or calc-alkalic. Granites and 
granodiorites are hornblendic and associated in space and time 
with diorites and gabbros; in the Lower Palaeozoic granites 
hornblende is characteristically absent and there are no indications 
of a genetic association with more basic rocks. Joplin has 
suggested that some of the basic and ultrabasic rocks of the Cooma 
area were genetically related to the Cooma gneiss but it seems
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more likely that they were associated with the pre-orogenic period 
in the evolution of the Tasman Geosyncline. Finally, members 
of the calc-alkaline series have a wide distribution throughout 
the Tasman Geosyncline whilst the Lower Palaeozoic granites 
appear to be restricted to the Benambran Geanticline (David,
1950> p*l68) and were mainly responsible for stabilising this 
zone (Opik, 1957) which persisted as a median geanticline 
bordered by sequent geosynclines throughout the subsequent history 
of the Tasman Geosyncline.
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APPENDIX I.
It has "been assumed in this thesis that the parent magma has 
a composition corresponding to that of the average of the two 
analyses of the Shannons Plat granodiorite. This assumption
must be treated with caution for not only do the two analyses of 
this rock differ somewhat in their contents of magnesia, but they 
also show evidence of late stage alteration reflected in the 
presence of normative wollastonite. It could be argued that the 
average composition of the Tharwa adamellite should be taken as 
representing the composition of the parent magma but xenoliths 
are sparsely distributed throughout the adamellite and the 
composition of this rock must have been affected to some extent by 
these xenoliths. For the time being it seems best to accept the 
average of the Shannons Flat granodiorite analyses as representing 
the composition of the parent magma but there is clearly a need 
for further geochemical data from the Murrumbidgee bathylith and 
from other Bowning granites. It should also be borne in mind that 
massive uncontaminated granites have in the past often been 
considered to be Late Palaeozoic in age purely on their hand 
specimen appearance. Ke-examination is clearly essential in 
such cases, particularly when they are not associated with 
intermediate and basic rocks; such re-examination may well reveal 
that rocks akin to the Shannons Flat granodiorite may have a much 
more extensive distribution than is at present believed.
Plate 1. View looking aouth from the 
summit of Fitz's Hill showing the mature valley of 
the Upper Gudgenby River. The cleared country 
in the foreground is on the Clear Range grano- 
diorite, whilst the wooded range in the distance 
is underlain by the Shannons Flat granodiorite.
Plate 2. The mature valley of the Orroral 
River; a tor of strongly jointed Shannons Plat 
granodiorite can he seen on the skyline. View 
looking N.W«
Plate 3» View looking north from the 
summit of Pitz's Hill showing the youthful 
valley of the Gudgenhy River where it cuts 
through the fidbinbilla-Naas scarp.
Plate 4. The Upper Murrumbidgee River 
flowing in a shallow gorge entrenched in a broad 
mature valley. View looking N.E. from a point 
about 1 mile N.E. of be Salio trig.
Plate 5. Contact between the Clear Hange 
granodiorite and sediments of the Gudgenby septum 
at Glendale Crossing.
Plate 6. Close-up view of the Glendale 
Crossing contact.
Plate 7• Hand specimen showing "knife 
edge" nature of contact shown in Plates 5 and 6 
(metric scale)
Plate ©. Structures in the Clear Range 
granodiorite. Horizontal surface showing N/S 
striking foliation (parallel to the length of 
the plate) with orientated xenoliths, E/w tensional ? 
joints and a diagonal shear joint. Halfpenny given 
ior scale. Locallity 1 mile W. of Mt. Tennant.
Plate 9. Horizontal and diagonal joints in 
the Shannons Flat granodiorite. The rock surface 
facing the camera is a NW-SE striking joint. 
Locality is about 4 miles E. of Mt. Tidbinbilla.
Plate 10. Hand specimen of Shannons Flat 
granodiorite. (metric scale)
Plate 11. Phenocrysts of microcline 
visible on the weathered surface of the Shannons 
Flat granodiorite. Locality 2 miles P.W. of 
Castle Hill.
WM
Marginal zoning to plagioclase 
Shannons flat granodiorite. X 50
Plate 12. 
crystal in the
Plate 13* Biotite altering to a fine 
grained aggregate of muscovite and iron ore.
I» >
X so
Plate 14. Development of epidote along the 
cleavage of biotite. Inclusions are of apatite. XSO
Plate 15. Mylonitized Tharwa adamellite 
adjacent to the Murrurabidgee fault. Locality 
2 miles S.S.E. of Tharwa Village (metric scale)
Plate 16. Thin section cut from specimen 
in Plate I5. x 30
Plate 17» Porphyritic dyke "believed to "be 
chilled Tharwa adamellite. Adjacent to 
Tidbinbilla Road/Paddys River crossing (metric 
scale).
Plate lö. Strongly foliated Tharwa adamellite 
to right, and crushed, altered adamellite to the 
left. Locality fharv/a quarry.
Plate 19» Hand specimen 
granodiorite (metric scale).
of Clear Range
Plate 20. Diagonal jointing and foliation 
(with apparent low dip to the right) in the 
contaminated Clear Hange granodiorite. Locality 
Fitz's Hill.
Plate 21. Xenoliths in the Clear Range 
granodiorite; plagioclase phenocrysts are just 
visible. The two larger xenoliths measure 
about 12" x 8". Locality is in the bed of the 
Naas River, due west of De Salis trig.
fPlate 22. Calleraondah granodiorite showing 
core of hytownite (in extinction) in andesine. 
Crossed nicols.
Plate 23» Hornblendic xenoliths from the 
Murrumhucka tonalite. Least assimilated 
specimen on the right.(metric scale).
Plate 24. Pine grained quartz-feldspar- 
biotite xenolith showing plagioclase "phenocrysts" 
(metric scale).
Plate 25. Coarser grained quartz-feldspar- 
biotite xenolith with marginal biotite enrichment, 
(metric scale).
Plate 26. Quartzite xenolith with layers
of heavy minerals. (metric scale).
Plate 27« Hornblendic xenolith from the 
Murrumhucka tonalite showing irregular margin, 
(metric scale).



